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Confidentiality Statement 


‘The information contained rein is approved for Public Release: distribution is considered 
Unlimited Unclassified, 


Preface 


“The purpose of this document is wo effectively communicate the concept of operations ofthe Navigation in 
{GPS Denied Environment (NAVGPSDE) scm Hat is under analysis / development a pat of the ON 
'BAAOG-007 contact and to explain the analysis / development activities tht will be undertaken as par of 
the project effor. The information within this document was generated by the Mescury Dats Systems 
‘development tam and is ised on dala found in the BAA solicitation / SOW, the MDS proposal tothe 
“olson and desenptions ofthe proposed solution analysis and design activities. The information within 
this document will be uiized in conjunction with the System Level Requement Speciiations wo provide 
an overall functional picture ofthe proposed system. This document will he provided 10 the ONR project 
‘management resources and end user community to ensue the defined! opeitionalcoacept meets the neck 
‘ofthe users and yo ensure tit the development lea fully understand the operational aes of the user 
‘community "To that end this document wil e cotinull update droughout the lie eyele of the project 
‘during Phase [Analysis and Phase I Design /Constrictin efforts to allow for changes indirection a new 
requirements or system limitations ae deaifed. The contet of this document i bused on the eal user 
‘ew ofthe spstem, if any contents ound tobe inaccurate, misleading. erroneous or incomplete please 
ody the document owne as son as posible. Sce the document cour scion fr eoatat informatio, 
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1. Scope 
“This Concept of Operations documsat spies to the systems) hat are under analysis and developaent a 
conjunction with the ONR BAAOG-007 Navigaon in a GPS-Denied Environment Research and 
Developmeat pesec. The scope of the document includes project team tusks / activites, system 
components, elements, andor sub-systems which will compose the final products) required to suppor. 
resource wackng na GPS died andr GPS Hinitedenvtonmens. 





L Identification 


“This document is named ConOps_ ONRBAAO6 007 doc, and is refered wo a the Concept of Operations 
Document or ConOps. No oer concept of operations documenls wil be generated to deserbe is stem 
and projet activies 





1.2 Document overview 
“The purpose ofthis CanOps document 


‘© To communicate the tasks to be completed for this project in the analysis and design activites 
‘sequted to define the system operations and o construct system proterype: and 

‘© Tocommusicate the proposed system's capabilities and user expectations, from the development 
_oup tothe ONR program suanagement tam and eysem end wets and 

‘© To provide a documented set of txt that can be reviewed and approved by the end user 
‘community, systems testing entities andor ONR program management resources: and 

‘© Tob consensus hoween MDS and its subcontactor (ITT), ad among the MDS development 
resources and 

‘© Tocomunicate thatthe development teatn understands the users needs nd how the sytem shall 
‘erst ofl thoe nes, 





“The uence for this ConOps document includes the follwing 


‘©The System End Users andr System Test Community will use itt determine whether their 
needs, desires, and operational requirements have been corclly specified and 10 verify the 
‘developer understands ofthe systems neds; and 

‘© The Development team (MDS, and ITT) will use the ConOps document asa basis for system 
evelopment activities, and to familiarize new team members with the problem domain aad the 
system to whic the ConOps applies: and 

1+ The ONR program management tam will use this content o help determin i the MDS proposal 
will selected for continuation ofthe development efots into Phase? ofthe project. 





“This document is divided into sections that describe the curent, proposed and utue ystems operations. 
Pantoning ofthe document is as follows: 


Section Topic 
20 Referenced Documents 
30 (Curent System Situation 
a0 Sasfcaion fr and Nature f Changes 
50 Concepts fr the Proposed System 
oo Operutional Snare 
mw Summary of Inpacts 
“0 ‘Analysis of Proposed System 
90 Notet 
Navirton na GPS-Denie irre Cano Options Paget 
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1.3 System Overview 
‘The purpose ofthe proposed system isto provide situational awareness (SA) and dismounted resource 
tracking capaiies to system users when they are located in GPS limited or GPS denied areas such 2s 
‘aves, urban canyons, buildings, heavily forested or jungle eavioamens whete GPS access is esticted. 
“The project sponsor isthe Office of Naval Research (ONR) in suppost ofthe US Marine Corps (USMC. 
Al products snd deliverables created as pat of this ffor will be generated in support of the Office of 
[Naval Research (ONR) contact number NOOOLS-06-C-D188 

‘The system that willbe enhanced by this analysis, design and development effort is curently called the 
‘TeakPoint system. TrakPoin includes hardware and software required 1 tack dismounted resources in 3 
(GPS denied andforUmted envionment. ‘The curtent sytem ulizes an Ine Navigation Stem (INS) 
‘nly 10 accomplish this task. This system was developed as pat of the Accurate Tactical Navigation 
System (ATNS} program, Pean Sate EOC subcontract # 0046-40111 


2. Referenced documents 
“This section lists the document number/name, tile, revision, and date of all documents referenced inthe 
‘ConOps document, This clause also identifies the source for all dacuments aot avaiable dough normal 
‘channels 
‘© Accurate Tactical Navigation System Operations Manual, v1.8, Jan, 2006, source ~ Mercury Data 
Systems, In. 
‘© Afghanistan Cave Complexes 1979-2004 Mountain stongholds of the Mujahideen, Taliban & Al 
‘Qaeda, Copyright 2004 source up fee w-ospreypublishing com 
‘© ATNS Final Techaical Report pal, Accurate Tactical Navigation System Final Techical Report, 
+20, 4/1172006, source ~ Mercury Data Systems, oe 
‘+ an. 06.007-pif, BAA 06-007, Navigation in a GPS-Denied Environment, 2/13/2006, sour - 
nupu/ww.onr avy miVO2aalespeeasp 
‘+ ba.06 007 amend O1 pf, Amendnent No.0001 to BAA 06-007 “Navigation in GPS-Denied 
Envronmen’” 2721/2006, source ~ hapJwiw.ons. sey aDVbgalespined aso 
‘+ has_06 007 faypal, Frequently Asked Questions (FAQ's) far BAA. 06-007 "Navigation in a 
‘GPS denied envionment”, 372006, source ~ p/w one. nami 2Mawlexpie sp 
‘+ has_06 007 fa2-p, Frequently Asked Questions (FAQ's) #2 for BAA 06-007 "Navigation ina 
‘GPS-denied envionment” 3/16/2006, source - hip www ogenawy ilN/aalexpicd asp 
‘+ aa.06 007 fay.pdf, Frequently Asked Questions (FAQ's) #3 for BAA 06-007 "Navigation ina 
‘GPS-deniedenviwament", 32772006, source -np/wwWv one. navy milOMbaslexpiced asp 


“+ Graphics / Images included inthis document were downloaded from the following sources - 
Inu. defenslink alnulimedil, Ips ousearh comflip-alvausine- corps 2 


ind ip Feiler army mil/Graphicvlipan banyan 

‘© IEEE Sud 1362-1998, IEEE Guide fr System Definition ~ Concept of Operations Document, 
sure - p/standars ee. ore 

‘© Innovation: GPS + LORAN.C, Perfomance Analysis of an Integrated Tacking System, Jul 1 
2006, By ates Carol, GPS World, source hips. gpeword com, 

‘© Ineprated GPS, LORAN-C and INS for Land Navigation Applications, C. Hide, C. Hill T 
Moore. C. Noakes, D- Park, Univesity of Notingham, UK, source - 
upon orenestingsgnss2006 

agi Facilities Maps, November 2003 Fore Laydown Facilities Map, source - 
Hug /w globalsecurity opal fir maps tn 
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‘© ONR Code 30 TTA: FNT-FYOEOL-C4-O1, Technology Transition Agreement Navigation in a 
(GPS-Denied Environment forthe Marine Air Ground Task Force Between the Program Manager, 
Sea Suike FNC/Uban Asymmetric Expeditonary Operations andthe Program Manager 
Reconnaissance and Amphibious Raid, source ~ Office of Naval Research 

+ OpshauglONGPSO2 pl, Leapog Navigation System, vS, Gutlorm R. Opshaug, Presented at 
Insitute of Navigaion's GPS Meeting. Porland. OR, September 2002, source ~ 
ups tanford edu -wwu/papers/epy/PDOpshausIONGPSS, 

‘+ Lessons Learned: Infantry Squad Tactics in Miltary Operations in Usban Tessin During 
Operation Phantom Fury in Fallujah, Trg, Sop. 2005, Sgt. Catagmus J. Earl. J. Cpl Edson, 
Biad. Z, LCpl. Keeling. James. D. and LCpl. Mooa, David. A, 3" Batalion, 3" Marines, 
‘ScouSniper Platoon, Sccton 1, Fallujah, ag, source 
hug marinsonpetines conn/oatenvditralpd/ nc infantry squad lessons’ pl 

4+ Marine Special Warfare & Elite Unit Tactics by Bob Newnan, Copyright 1995, source ~ Paladin 
Pres, P.O, Box 1307, Boulder CO, $0306, USA. 

‘+ ONRP_SyRS_BAAQG-O7;pu ONR BAA (6-007 System Requirements Speciation, v1.0 
31122007, source ~ Mercury Data Systems ns 

‘© Operation Enduring Freedom Tactics, Techuiques and Procedures Handbook No, 02-8, source - 
ip lobules npn ibraryeporVeallal 02-8 toc ba 

‘© elekonika LORADD Manual vLOLpif, Reclekwoaika LORADD Sees Iegrated 
[GPS/CLORAN Receiver installation and Operation Manual, source - p/w seeekoninl 

4+ TrakPoint_User Manual pa, Accurate Tactical Navigation System Operations Manual, version 
18, source — Mereury Data Systems, Inc 

‘Trident 2006121 pdt, Wearable Display Systems by Jimmy O"Looney, program manger and Will 
Coffey, Military Analyst, source hp www idsy.couVCHUWD phi 

‘+ USMC 3.363 Miliary Opecatons on Urbanized Tera (MOUT), source ~ Pentagon Publishing, 
umpy2ww.pentagonpublishing con/mamaed 

4+ USMC Fleet Marine Force Manual FMEM ( Ground Commit Operations Operational Handbook, 
source ~ Pentagon Publishing inp /www pentagonpublishing con/mamacd. nl 

4+ USMC Flet Marine Force Manual FMFM 6-1 Marine Rifle Company/Pstonn, source ~ Pentagon 
Publishing hn./vww-pentagonpublishing com/mamacd hun) 

‘+ USMC Flcet Marie Forse Manual FMFM 6-7 Scouting and Patong, source — Pentagon 
Publishing htx/hvww-pentagonpublishing com/mamaed hunt 











3. Current System or Situation 


“Tus section describes the TeakPoia system as it cureatly exists; we will also describe the situation that 
motivates development ofthe proposed system, 


31 ONR Project Problem Domain 


‘Inthe curetbatleield environment, our ground forces ate afen deployed in eavisonments where GPS is 
cither partially oc completely unavailable. An example of partial denial includ operations in urban texan 
‘where buildings Unut satelite visibly. Operations either underground or iasde of buldings peeve all 
Satelite visibility. aswell a affecting general Radio Frequency (RF) propagation. Therefor, an accurate 
Poston ad location spscm i equited that will operate i these environmen 


NNominally, each Marine will cary a lightweight device capable of reporting is own location, as well as 

reporting the lation of the other members of is eigue (where a clique is defined as a group of 

‘evicevMarins that are operating together). These devices shall cooperate with each ether in onder to 

‘determine their lative positions, 
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Often, knowledge ofthe relative position ofthe other members of the clique is more important tha their 
solute position. An example ofthis would be the knowledge that a fie Team isin poston oa the other 
Side of a building pie to a forced enty. There shall be a method of determining one's own positon and of 
Associating devices into clique. In oder to pert higher headquarters to have knowledge of persoane] 
location, at least one device shall have 4 standard military radio interface ia onder to preseat 
postion/ocaion infomation. Information presenttionidsplay sll be minimal, preferably graphical and 
‘hull note whea poston locaton is degraded. A complete windowing environment is discouraged due its 
unnecessary complexity for a fixed function device. 


32 TrakPoint Background, objectives, and scope 


‘The ATNS Project problem domain was sinula tothe cutent ONK peojeteffrt. The scope of the ATNS 
program subcontract included the design, development, test, and demonstration of proof of concept 
Tote postion location ceporting syatern, Mercury Data Systems was responsible forthe design utd 
iteration of a Wicless Network Module (WNM) withthe Personal Navigation Medule (PNM) and 
Mobile Computer Module (MCM) for accurate tactical navigation, To augment the PNM an RF signal 
based location tacking processor RF Ranging Module (RFRA) was also integrated ~ the RFRM Was 0 be 
4 functional component of the WNM andor Ula Wide Band (UWB) radio systems. 


(On Apeil 11, 2005, Mercury began work ana subcontract by the Peun State Electro-Optics Center (EOC) 
for the Special Operations Command (SOCOM) funded Accurate Tactical Navigation System (ATNS) 
Program. Under this program, and working with NPS. Mereury developed the TakPoint application to 
provide reaime Situational Spatial Awareness (SSA) for GPS Enabled and GPS Denied environments. 


Mercury Data Systems (MDS) was responsible for conducting «needs assessment to define and document 
requirements. MDS entered into a Cooperative Research and Developmeat Agreement (CRADA) wath the 
‘Naval Post Graduate Scho! (NPS) in Monterey California, consulted with the Naval Research Labs (NRL) 
and worked with resources within the Special Operations Command community (SOCOM) Joint Speeal 
‘Operations Command (ISOC) ou of FL Brag, Nort Caplin to help define system eguierent eon the 
13 technical capablies defined inthe SOW. 


Post completion ofthe technical design and et 
fysem and demonstration ofthe syset cpa 








struction activities MDS was responsible for testing the 





33 Operational policies and constraints 


“The ATNS SOW fists 15 technical capabilities forthe mobile positon location porting sysem.. The list 
Includes the follwing items 


Lightweight wearable design for extended, mobile ws. 
Accurate navigation in oth GPS Enabled and GPS Deniod areas. 

“Track and display the absolute 3D coordinates of mission personnel 

‘Trak and display the differential 3D coondinaesof mission personnel, 

Systematically resolve and minisize mission personel postion eros, 

Systematically resynchonize the absolute and relative 3D positions of mission personnel 

Increase navigation and location tacking aecuracy asthe aumber of mission personnel increases 
Tncrease navigation and loeaton racking accuracy asthe mobility of mission personnel increases 
Support oe, symess and synchronization of information. 

Support ad oe, share accesso information scquied via mission personnel 

‘Support a hos, ation based conmunicition and infomation outing. 

Enable mission personnel to quickly acquire spatial awareness in unmapped environs. 

Allow mission personel to ram and seamlessly inter-operate with different mission units 
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3.4 Description of the current system or situation 
“This section provides a technical description ofthe current system, 


BAL System Overview 


‘The ATNS system was designed to provide ponable, PDA based SSA for mobile users ~ a Tactcomp 
Ruggedized PDA was ane of several MCM platforms sed for system yalidation, The system also included 
C2 component whereby mobile personnel, Vehicles and other ase, such a sensors could be wacked 
‘The system was designed w use any TCP/IP based wireless mobile network 1 support transmission of 
Petsoanel positions and collaboration among: personnel, Figures I thraugh 11 identify the existing 
Functional capabilities ofthe TeakPoit som. 





For the Natal Reseach Laborstorics, remote postioning support was also developed that enabled an 
iesface with small disposable active beacons. Contet could be uploaded o the beacons ~ location (at, 
log, altitude) aes ete. and automatically transmit o users navigating within rng. 





‘Gen 


1 RewePing tesa 
1 User Sap lanaperet 




















A, + joo etn 
sao iel saaeeesioel 3 Nie Soma rape 
Nate vse ‘Tracenmaracane as baoreettnad 
"Baonatnwese owsionod een —w 
Feet cenit Adtech toee ‘Figure 2- Mobile Inteefaze for PDAS 
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st srs Asst a pont 
Figure 3- C2 Interface foe Laptops/Workstations 
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In order to mest the technical capabilities documented in the subcontract SOW, an appliction was required 
to provide an integration platform forall of the ATNS system sub components. MDS developed an 
‘ppllction called TrakPoint tat provides «3 ered, distihated personnel management system with a UL 
that displays spatial situational awareness (SSA) 1o military or fs responders, na neat real-sime fashion, 






























































vo 


Figure 4 -TrakPoint System Diagram 


AML Tier 1-Mobile Clot Application 
“The frst ira client application that can be deployed on a mobile computer or handheld PDA. This er 
yids GPS enabled and GPS denied location wacking capability for mobile users in a disibued 
fuvironment, Esch team member’ handheld device provides them with thei curent position and the 
Positions of their team members (Blue Fares) in a poer-io-peer wieless network environment. The 
Tocaton data is agreguted from several poston sensoes (GPS, RF Beacons, PNM, RFRM et.) whose 
slats i tered apd ated for highest relailiy/rcesion. This te is also capable of displaying messages 
terom the group of responders a wells roviing them with spatial data (the locations) and descriptions 
‘of avaiable resources and assets, such 3s mesh sensors and networked cameras. 
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Figure 5 - Mobile Ciew Tier 


S412 Tler2—Command, and Control (C2) Base Station Application 
“The second tier is comprise of base station monitoring platform that performs similarly tothe fist ee 
{avo client application; however, since this portion ofthe system is designed to be used by blue foree 
onumand pos resource, it ha some additional features fr such deployment One feature hati tic to 
this e's implementation isthe ability to monitor and contol avilable network cameras, This ir host 4 
robust spatial database fr high-speed exchanges of tac information. 





SMS Tler3~ Robust, Redundant, High-Speed Database Server 
“The thin ier inthe SA distributed system incorporses a high-performance, edundant server running 2 
Relational Database Management System (RDBMS) that will store spatial data and respond to spatial 
queries fom the Ist and 2a irs. This tier is optional asthe 2nd ter can hos the RDBMS, i deszed 
“Tce itetations of design / development activites were conducted during the ATNS program based period 
projcet The following design mode! eprescas the curent TrakPoint software uct. 


Beyond the design and construction of the integration software / application the design effort focused on 
ening the following system components unstionaliy. 
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Figure 6 UML Class Digg 


4A2 — Client Server Architecture 

“The ClenuServer architecture is required to support communications snd data sharing between the mobile 
system users and with the C2 command post resources. The architcture is an Occasionally Connected 
‘Computing (OCC) eavconment with User Datagram Protocol (UDP) socket connections and a web service 
layer. Chat messages, postion updates and alens are uansmitted and received ever UDP socket 
connctions, while authentication and incideat data updates (Le. — Assets. Tracks, Waypoints and 
Pessonnc) are available via the TrakPoint Web Service Iajer. The UDP service ean operate in boadeast or 
rmulcast mode ~ this isan important funcuonaity a some network hardware does bot support boadeast 
messages. Once a user authenticates via the Web Service layer, activates the UDP service and begin i 
transit chat messages andor position updates, the TakPoint UDP service wll auw-detect any available 
uses on the network and allow data exchange to occur amongst ther, The following diagram indices the 
‘nal client server architecture, 
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Figure 7 -ATNS /TrakPoine UDP Network Topology 














343 Data Logging 
1 order to save and eeplay navigation data logging mechanism was designed and integrated ia the 
‘TeakPoint application and database server. The design allows the user to designate which data clemeats 
wall Be captured for record and playback activites via the TrakPoint UL. In addiion the system 
sutomacally stores each location data pont for a given use tack inthe database for use in playback 
ftvities. The user canals eect to save given completed navigation tack as an ESRI Shapefle for 
reueval/ display on a given map. The data that can be captured ineludes the following data elements 

‘GPS NMEA-0183 GOA and RMC sentences 

PNM Compass Data 

4 PNM Gyroscope Data 

PNM Presure Data 


344 — Map Specifications 
In onder to display mobile usr navigation tacks in absolute or relative coonlinats a common map needs to 
‘ne used by all sources onthe ATNS ssl. To that end TeakPoint Was designed to support bth Vector 
and Raster maps. The Vector maps allow the user to daw of polygons or poly-lines and supports loading, 
‘isplaying, saving and managing ESRI Shapeiles. ‘The Raster map suppor allows the use 10 dea and 
‘isla icons, shapes, elses and ext 0 the map using geographic coordinates. 


M1 Map Configuration 
“Maps crested in Graphics Interchange Format files (GIF) or Bitmap (BMP) fle formats can be loaded into 
“TrakPoint post calibration. Three 3) known GPS positions are required to calibrate the map fle. The 
Franson GPS Tools Studio application, a map coafguraton too. ix curently being utilized 1 calibrate 
maps ruse by TrakPoist. The resulting, calibrate mp fe is saved as a Map Library withthe -MapLib 
‘extension. Multiple image files ean he saved ina single Map Library, foe instance the sytem user eat 
have various views ofa single facility, varied zoom level images and all will he accesible from a single 


Map Li fe 


Navirton na GPS-Denie Evironment Cano Options Page 
nlite Uncasitod 


™ 
MERCURY 


3442 Supported Map Grids 
[As part the calibration setivities the TakPoin application can suppor al of te following map 
Jwojcetions: AUSTRIAN, GRID_MD8, AUSTRIAN GRID_ MBI, AUSTRIAN. GRID M4 
BELGIUM GRID, BRITISH GRID, DHDN, DUTCH GRID. FINNISH_GRID_ZONE_ 

FINNISH GRID_ZONE. 2, FINNISH GRID_ZONE. 3, FINNISH. GRID ZONE. 

FRENCH GRID_RGF 95, FRENCH GRID. ZONE. 1, FRENCH GRID ZONE. 2, 

FRENCH GRID_ZONE. 3, FRENCH GRID_ZONE.4, FRENCH GRID ZONE 2. ETENDU, 
FRENCH GRID_GRAND” CHAMP ,IRISH_GRID. ITALIAN GRID ZONE. 

ITALIAN GRID_ZONE. 2, LUXEMBOURG. GRID, NORWEGIAN. GRID_ZONE. 
NORWEGIAN GRID_ ZONE 2. NORWEGIAN GRID. ZONE 3, NORWEGIAN GRID. ZONE 4, 
NORWEGIAN GRID_ZONE. 5, NORWEGIAN GRID ZONE & NORWEGIAN GRID.ZONE_7, 
NORWEGIAN GRID_ZONE_ 8. NZMG, NZTM, SPCS_27, SPCS_83, SWEDISH GRID, 

SWISS. GRID, SWISS_GRID_LV0S, SYSTEM M, SYSTEM 45 .UTM,UTM_AMG_ 84 
UTM_ED_ 50, UTM_ED 0, UTM. ED 50, UTM_ED.50, UTM_ED_0, UTM ED 50, 
(UTM_ED_S0_ DENMARK, UTM_ETRS_89, UTM_ETRS_89, UTM-ETRS. 89, UTM_ETRS_$9, 
(UTNCETRS_89, UTM MGA. 94, UTM_NAD_27, UTM_NAD_83, UTM NORTH, UTM NORTH, 
UTM_NORTH, UTM_NORTH, and UTM.SOUTH 





A443 Map Features 
“The following map features were also designed for the TeakPoint UL, these features allow ATNS system 
users the capability to change the way information is displayed on the Map region of the UT 
‘© Pan the user can pa the map in any dteton via the valable control, 
{Zoom tho ser can the map magnification zoom in and ot via the available contol 
4+ Add Item ~ the user can all Asses and Waypoints o the map. 17 tbe usr isan Admin running 
the C2 application, they are lb able to add Personnel 
‘© Measure Distance ~ the user can continuously measure distances by clicking several leatons a 
the map. 
‘© Send Message ~the user ean click ona personae! icon and load ther username inthe chat "Send 
‘Ta drop-down box to facilitate tanamission of messages. 
‘© Get tnfo~ he user can click on a map icon and get name and ID information for the selested 
4+ Set Start Postion the user can cick on location on the map aid the poston infrmstion for 
that location wil be load into the PNM stat poston fields, 
‘+ Correct Position the wer can click on lestion onthe map while in PNM navigation ade to 
update the PNM's positon tothe selected location, 
‘© Bearing To - the user can click on two map icons and get the hearing from the Fes item selected 
tothe second item selected 
Go To Location - he user can enter the coordinates ofa particular location and the map will 
‘enter on that oestion, 
‘© Map Layers (Drawing, Personnel, My Track, Personnel Tacks, Assets, Waypoints, and Imported 


Tracks) 
(© Togale—the user can toggle ono a particular shape layer onthe display interface. 
(© Clear ~the user can clear particular shape lyer fom the display interface. 





JAS ESRI Shapefiles 


‘TrakPoint was designed to support importing and exponing ESRI shapefiles. A Shapefle object can be 
use for many purposes 

‘+ Asa contuiner for GPS cooninates. For example, when saving tack, 

{Toda polygons, polylines and multi-point on & map 

# Toactas amap. 

‘© Tomake GIS calculations suchas distance measurements, bearing calculations 
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Development Tools and Platform Deployment Considerations 


opment ool plemented along with ll the component ized inthe ATNS Program result in 
4 Spatial Situational Awareness system that cin be easily adapled to almost any operating systems or 
‘environment, especially those related to PDA's, 


‘The Ist ier (Mobile Cnt Application) and 2nd tier (C2 Base Station Application) were developed using 
the Vieull Base-NET language avalabe within the Visual Stadio 2003 and Visual Stadio 2005 Integrated 
Development Environment (IDE), This was mainly due tothe "code once. deploy anywhere” functionality 
‘ofthe asociated NET 1.1 and 20 frameworks, These frameworks als me the necessary demise of rapid 
pplication development near real-time peeZormance, and low memory coasumption 








[A simple, small, open-source, database compoaent (MySQL 4.13), web service component (Apache 
20.54) and database web management component (pipMyAdmin 26.3pll) packaged within he XAMPP 
[L415 distnbusionfcontol panel, were the chosen tots to cover the performance and scalability demas 
sociated withthe vain databascinanagernent es 


44.7 — ATNS Component Breakdown 


“The ATNS program included the evaluation af varios system components. Therefore the construction of 
‘he TakPoint integration software open acitetue Applicaton Interface (API had o be abut enough to 
all integrin wit vaio system components 


“The diagram below indicates the various system components that were integrate into or which ae targeted 
for furs evaluation /ntegration, 









































Figure  -ATNS Component Breaklown 


4A8 — System Topology Overview 


“The ial system architecture i presented inthe diagram below. ‘The digram includes the we of RF 
Beacons in cw ofa functional RF ranging module emote position location tacking device 
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Figure 9: ATNS System Topology 


449 —TrakPoint Pocket PC/ PDA User Interface 

{A version ofthe TrakPoiat aplication was developed and deployes to an HP (PAQ PDA. This activity 
‘ya initiated 0 seduce the size and processing power ofthe MCM requied to support the ATNS program, 
See the images in Figure 2 fora view ofthe PDA UL The minimum OS requirements for use of the 
‘TrakPoint ona PDA platform are WinCE 421 with Compact Framework 20 or newer / equivalent OS. 


34.10 TrakPoint XP/ C2 User Interface 

‘Audiinal functionality is pesent onthe XP version of TrakPont forthe C2 user as shown below. The C2 
user has administrative acess tothe database server and associated data. The system user administration 
functionality histo be conducted at the database interface level using the Apache XAMPP use interface. 
See the Figure Below fra current view ofthe TakPoint XP UI. ‘The Figure provides a view witha global 
rap, user specified waypoints, and asets on the map. The message and mission data / configuration 
Segments of the UT are aso displayed. Across the top of the map afea you can se the map options Listed in 
section 34:43, There iva "Cameras” tab tthe top ofthe UI tht canbe ullized to toggle between the map 
tnd video UI panel. MDS successfully integrated the use of web hase caments for viewing operating 
teas, when they are available, 
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Figure 10- TrakPoiniXP Man Screen 


3S Physiological Status Monitor Interface 


“The TrakPoint application was modified post completion ofthe 
ATS project t0 support functionality required by the i 
responder / fie figher communi. A physiological sats 
‘monitor called the LifeShie 00S from Vivometzics Government 
Sciences Division was intent with the TrskPoint user 
interface to display usr status including: 





Respiration 
Heart Rate 

Activity 

Posture (Vertical or Horizontal poston) 
Skin Temperature 


“The system is supported by a lightweight (215 grams) chest strap 
With embeded sensors the output of these sensors were pote 
tthe TrakPoint system processor and the dividual user 
Physiological data is displayed in dcetry foenat in the lower 
Teft hand corner of the amin sercen below the Message Log (see 
Figure 11) ‘This technology is currently under evalustion by the 
US AirForce FLARE pingrum and Walter Reed Amiy Insitute 
‘of Reseach for us in tltary applications, 





Figure 11- Physiological Data Display 


46 Modes of operation for the current system or situation 
“These are two basic mos of operation forthe TrakPoint / ATNS system, calibration mode and navigation 


mode, 
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26.1 Calibration Mode 


|A) The Calibration ode is ilized to ensure the FNM accuracy based on several factors including: 

4+ User starting /cument postion, 

{User step length, based on standard mobility model comelate to user igh 

‘© Azimuth (Dead Reckoning) or alignment of the sensor to the user's spine relative othe location 
Of the unit on the user's toy. This calibration is used to determine the offet between the 
‘reetioa a persons facing and the disetion the PNM is pointing 

‘+ /Atca of operation magnetic declination, this calibration is used t determine the offset hetween 
‘magnetic noth and tne nor used onthe euret uses geospatial action, 





BB) The PNM Setup UI Panel allows the user to manually enter data segue o calfate the INSPNM 

rior sing the uit to track their navigation path. The data ent cequted fr ealiration includes 

‘= Stating position Latiude, Longitude and Alte, note thes Fields canbe populated manually or 
Via selection of the comect positon map option and then touching the map on your custeat 
‘oordinstes, When the GPS Receiver is conneced and the user isin an aa with GPS secepion 
this dai automatically populated. 

User height in meters, ofce entered this data emis in place until the application is stopped or 
restarted 

+ AZo azimuth bss — this value can be entered manually if the value is known from prior 
calibration tasks, iFnot the user can ullze the "DR. Caltation” PNM commu 

‘Declination ~ if the declination of the ate of operation is known the user ean manually ener this 
dat, its not koown te user ean auto-albeate their nit by using «compass, facing north td 
enabling the GPS Calibraion PNM command. Tis calbeation is equited when using the INS 
‘nly: fa GPS wih active reception is avalable and that unit has bald in declination adjustment 
the corection will aot be quite. 








46.2 Navigation Mode 
“The navigation mode canbe supported by ether the INS only, the GPS seciver only ora combination of 
both sensors. Afr the user has allrated the unt it can he switched into Navigation mode by enabling the 
"Go" PNM command. Once enable the user positon willbe updated on the mobile PDA interface and the 
(C2 user imerface once every second. Position ers can be corected and eter tasks can be completed via 
the ue ofthe various mip features previously described 


3.7 User classes and other involved personnel 


‘Thete are two user clases in conjunction wth the TrakPoint syst 
suppor or logistics supe ser 





(C2 admin, personne and a echnical 


471 Profiles of user classes 
|A) Personnel User Clas - tis user class has permissions fr all system funetonaliy with the exception 
‘of adding system users on the mobile user interface. Further these wers have acess wo the ad em eatute 
for aling assets and/or waypeints tothe map local this data is not shared with est of te mobile users 
Ifthe users operating using & PDA or CE version af the application the functionality i reduced slightly 
from that avallale on the XP version ofthe application. The XP version can be run on sobile computer 
modales withthe appeopoate operating spstem. ‘The piilges ar se below by device 
“The fl ist of Personnel User Clas privileges includes accesso 

‘© Navigation / Map Features ~ Pan, Go To, Zoom In/Out, Add lem (with previously described 


Timiations), Set Psi, Coreet Posi, Message Distance, Text Messaging, Get Tafo and 
Beating To, 
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‘© Mission DatwContiguration Dats; Assets, Logging, Shape Info, Waypoints, Personnel, and 
Tracks 


‘+ Mission DatyConfiguration Setup: PNM Setup, Beacon Setup, GPS Setup. and Network Setup, 


‘+ Menu Options ~ File> Connect / Disconnect Sever, Loud, Import and Export files: View-> 
Moving Map Layers> Toggle Ow/OMf and Cea, Position As, and Add-Is 


B)_ C2 Admin User Class — tis user class has the same permission set asthe Personnel user with the 
‘ation ofthe ability to add system users/useids and acces tothe system database and comespnding data 
Sets. The C2 admin use class can utlize thir permission soto administer the users and ta specify user 
ivleges/ clas specification 


4.7.2 Interactions among user classes 


‘The C2 Admin users and the mobile personnel can interac in a variety of ways. The C2 user can add 
waypoint and assets data which can then be shared wil all mobile users om the same network that are 
‘Sonteted tothe TrakPoint datas 


Boi user classes can interact vis the use ofthe text messaging Feature, with the ability to send canned or 
typed tet messages tothe entire group of oa given individual 


47.3 Other involved personnel 
Logistics Support / Super User — These ae technical support resources thal deploy and matin the 
‘TrakPoint apliestion on the Various computer PDA user modules. They ate responsible for instalation 
‘ofthe system software setup, administration, ad maincnance of the PHP database 


4. Justification for and nature of changes 


“This section ofthe ConOpe document describes issues with the current system and requirements from the 
NAVGPSDE project that motivates development of he new / proposed stem. 


4.1 Justification for changes 
“The necds specified in the ONR BAA dlr slighly from those inthe ATNS projet scope: this isthe 
primary justification for the proposed system changes. Ia addition to ONR project needs the system that 
tras prodiced by the ATNS project ad liniatons that were not overcome during the project. Feedhack 
fiom our NPS end user test group idemified improvement opportunitics as well, These changes / 
Titations improvements include hut re not inte to the fllowang: 

‘©The ATNS system design uilizes QDMA Mesh network gear which operates within the 802.11 
(2.4 MHz) space for communications / transfer of data to the C2 workstation, The ONR project 
requires the system to provide an interface witha Miltary Radio that provides connectivity for 
‘ata transfer tothe C2 location, 

‘©The curent ATNS system does not provide for security / encryption of data, the ONR. projet 
‘equiesthat the data communication equipment meet the NSA Suite B security requirments 

© Human Factors — 

© ATNS Hantware - multiple componeats were utilized with wired connection between 
ach, system Was bulky and cumbersome 10 use; the ONK. project requtes the 
‘Components be housed in single nit tht doesnot burden the deployed forces. 

©The ATNS User Interface (Lif) was hased on a PDA. with fll operating system and 
rutile functions: the system also requis user input for calibration an for system 
‘maintenance: The ONR project sequzes simplified display device that requires litle to 
to wer interaction andlor ting. 
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‘©The ATNS system UL requires the use of a stylustouch screen for data entry. ot menu 
option seletion, when gloves are wom by the user the current design interface ik 
cumbersome. The ONR project specifics the conwols should be operable by a user 
wearing gloves. 

‘© The ATNS UI hantware display was not adjustable for viewing in dee sulight and not 
Viewable with Night Vision Goggles (SVG). ‘The ONR. project components should be 
Compatible with hot has on BAA FAQs, 

‘©The ATNS system operational batery life does not meet minimum operation duration 

requirements ofthe ONR project. 
‘+The ATNS system INS accuracy dit overtime / distance taveled does ot meet ONR project 
‘equiements for positon accuracy over the ¥ hours of operation andthe 10 kon navigation range 

‘©The ATNS system ullzed the INS as he primary component for tacking user movement and to 
provide postion daa inthe absence of GPS. the ONR projet requires tha the ne system beable 
to fuse multiple references and utilize auiiay datasources to generat position information, 

‘+The RFRM hardware components analyzed forthe ATNS project were unable to provide secure 

range dia, the RFRM component is required to enable the INS accuracy drift o be overcome and 
therefore arelable RF Ranging compontat is equise for aplication inthe ONR projet 

‘©The hardware selected forthe ATNS projec is oaly operational in scenarios where the user is 

welking, the proposed system forthe ONR project wll have to be able to handle all ypes of 
human mobility (cuning, erawling jogging. ee...) 

‘+The network communications gear selected to support the ATNS projct did not provide the 

necessary data communications range (kin requied by ONR. 

‘+The system topology required a cliem server network configuration supported by a database to 

provide voice and data communications beween mobile users. The ONR project equites tnore 


Tobust and mobile approach including the use of per to peer networking fr position data and text 


4.2 Description of desired changes 


“Tis section summarizes new or modified capabilites functions, processes interfaces, and other changes 
needed respond to the factors identified ia setion 4 


42.1 Capability Changes 
‘The proposed design for the ONR system includes the addition or modification of the following 
apatites: 

‘+ Fusion of multiple sensor data output — vis the use of principle compoaent analysis, the 
data outpu by each component inthe INSAMU can be interpeted, verified ar complimented 
by data fom the Velecimeter and TOA Ranging system sensors. This fused data will allow 
the system to avercome the Limitations of the individual components, when supported by 
Kalman Fitecing and Predictive Modeling the system output provides 4 more accurate 
Position estimate which can be sustuined over a longer period of time or distance waved 
PosiFasion ie the term MDS use to descibe this process, 

‘+ RE Time of Arrival (TOA) Ranging ~ this capability will enable the proposed sytem 19 
‘overcome the distance accuracy issues iaerent inal INS/IMU components the data fom 
{his component wl also suppor principle component data analysis to ensure the daa utilized 
seneraes the mos accurate poston estimates posible. 

4 Velocimeter— this sensor will enable the new system 1 lize secondary data to verify and 
compliment the auput of the INS/IMU acceleromer o support the principle component 
nasi calculations 
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‘+ Communications Security —the proposed sjstem will he operating in environments where 
now-fiendly forces will make every tempt to capture and decipher intelligence tansmied 
‘Via RF signals. With the addition of TRANSEC capabilities the teas present on the 
butlefild can be mitigated. 

‘© Kalman Filtering ~ this capability will bea part ofthe PosiFusion processing to aid in 
correction of erroneous data spikes that can occur in situations where magnetic feds or 
environmental anomalies generate false sensor readings, The fering provides «predictive 
‘model based on historical user movement dat 0 help identify and override these anomalous 

+ Assisted GPS & Differential GPS this functionality is present on the GPS & INS pre- 
processor component of the proposed system it enables the system to reduce GPS signal 
ocean acquisition tine in environments where GPS data i aallable nd evercome the 
[imitations to GPS sgoal acquisition in environments where GPS data acces ite. 

‘+ User interface type and features the exsing sytem interface provides too many options / 
features and requtes to thuch user inp to support the hand fee operation ofthe s)em 
‘The proposed sjstem will reduce the inlerface features 1 the bare minimum required to 
suppor the system end user while providing the daa specified inthe BAA. 

‘+ Accurate tracking on varied mobility modes —the majority of tbe INSIMU seasors oa the 
‘market have an iferent issue with acuracy aver varied mobility modes due to the fat that 
the caliratons are performed or modeled on walking matin only. ‘Te addition of the new 
‘system sensor, principle component analysis, elmer caliation predictive 
‘odelingfitering and the fusion af dats frm these sensors will enable the stem to 
‘overcome the mobility limitations inherent within the INS/IMU product 

+ Support for use of auxiliary data sources including Pseudolites and LORADD ~ the 
suniary datasource can aid the system accuracy by providing aecese to absolute data or 
Feference points into the afea of operations where and when GPS sigals are not normally 
secesile 








42.2 — System Processing Changes 


“The system processing changes include the movement of processing fom a laptop PC oF micro computer 
device such asa PDA to a Single Board Computer (SBC). The SBC will he sesponsble for merging data 
from the system sensor devices, and generiion of data ouput to a Visual display unt and for tanssson 
‘of data io C2 via standard mulary radio interface 


Previously the ATNS system integration software was built san aplication that operated on the Windows 
XP and CE operating systems, The ONR project integration software will be Linux sed and will operate 
atthe peocessor evel as firme with embeddel processing algorithms nequzed fr this system, 


42.3 Interface Changes 
For the proposed system design, the number of external interfaces required will be reduced due to the 
single componcat housing design. The system interfaces will include internal data processing and seasor 
ommponent contol bya single board computer, the external interfaces will ince & connection to the UL 
Alxplay component anda port fr use by «military radio for transmission of data from the cligue 1 C2 and 
for amin wer configuration, See the nest ection for details onthe system interface deign 


424 Personnel Changes 
For the ONR proposed system there will bea single user elas, the user spsem nodes Will ll contain the 


same funetionaity and wil therefore be ineroperable foreach member ofthe clique. The State Vector 
“Table wil be utilized to configure the mode of operation fr each unit during the mission based ox Which 
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<lique member wil be wearing the unt and what function the wit wil suport. The hierarchy rank) ofthe 
Personnel within the clique wil be used as a way to dstermine localization logic and in some cases 10 
‘etrmine or deaf the ranging parners or nodes that wll support the TOA ranging capability 


425 — Environment Changes 


“Thete willbe no changes 1 the opentional environmen fr this product. The BAA project system will 
function in areas where GPS is parlly or completely unavluble including: wan teen. hick forests, oF 
jungles where buildings and wes lit satelite visibility: operations undergroand or inside buldings 
event ll stlite visibility and hamper RF signals 


42.6 Operational Changes 


‘Operational changes include the reduction inthe usr interaction required to cla the sytem to enable 
the system to just work when the dismounted soldiers ae deployed in the area of operation. There ate 10 
‘operational changes required ffom the user Community: rather, this system will suppor the sundard 
‘operating procedures / practices curly in use the by the USMC resources 


42.7 Support Changes 


No support changes are required by the proposed system as far as support resources are concerned. 
‘Additional system position entiation an navigation suppor will be provided by signals of opportunity 
as auslay position datasources. 


4.3. Priorities among changes 


“This section provides a ist of the changes required by the ONR BAA description and thee associated 
Priory levels 


431 Desired Capabilities 


‘The following eapablis are essemtial othe system operation / performance. Each one of the following 
items will be adlressed within the concept of operations as well as the requiements and techeal 
specifications. These capabliis willbe the primary focus of the Phasel Analysis and Design eons 

1) The system should not burden the deployed ores in either volume or mass. 

2), The system should "just work" requiring minimal-o-no tng for operation. 

3) The system should he prepared to operate ia a GPS-linited or GPS-denied ewironment 

44) The sytem should operate in open spaces as well as underground or cave stings. 


5)_ The systom should provide fo he fasion of multiple references in order to prove location 
information 


(6) ‘The system should provide for auxiliary data sourcesbeacons for location information. 


7) The system should provide for auiiary data relays when ia an underground or cave Uke 
seting 


8) The systom should provide for infomation security duving data wansfer consistent with the 
NSA Suite B hup/iwww nsasovvindusivlerts sulle bef 


9) The sytem should acknowledge when it is operating ina degrade information mode. 
10) The system should peovide for iteext-ased data transfer from tackedemote nodes. 


11) The system shal provide for operation of 100m into underground or cve-ke environments 
{use of up wo three rela is permis). 


12) The system must provide a standard military radio interface (mechanical, lets, data, 
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13) If eays are wed as pat ofthe system solution, sid relays should he disposable and spoofing 
nd tamper resistant 


432 Goals 


“The following features are desired in onder to make the system wearable, and cost effective. The primary 
‘cancer ofthese features ve fr size, weight and prie (SWAP). These tems are defined as eriteria forthe 
‘System's final form factor that wil have to be realized as part of the Phase Tl prototype product 
development efforts and the system productization. These features willbe Finalized as part of the Phase I 
‘dui! design description and cach item will be addressed in the concept of operations 3s well asthe 
Foguirements and technical spcifiations. The final frm factor prodactization plan will provide details on 
how theve tems will be accomplished longer term, ‘These oul will bea secondary fous ofthe Phase! 
Analysis and Design efforts: achievement of the goals will he fused on the SWAP available COTS 
technology products and a cos verses performance analysis for the available components 





1) Each unit shll operate for eight (ar more) hous upon recharge frm a single BASSOD batery 
(70 we, 


2) Postion ascuracy ina GPS-denied envconment shall be 25m Spherical Enor Probability (SEP) 
dr bette afer eight bouts af operation 


3) Projected production cost per unit in quantity of 1000 shall be $2 or less. 
4) Unit mass sal be Thy or les, not including battery. 

5) Volume ofeach unt shal be 400 em ores 

65) A minimum of five units are to be produced and delivered in Phase 2 


433° Optional Capabilities 
“These ae no optional capabilites spose in the BAA. 


44 Changes considered but not included 


“The following sensors are considered to be device that support state ofthe art solutions for Pedestian 
[Navigation or GPS denied uacking stm, the use of these components Were considered for inclusion in 
the proposed system but were not incorporated due wo the issuets) se. 


‘© Gait Recognition Aids (Pedomety) 
‘2 Scale factor change from variation in terrin load, body size, fatigue 

‘Optical Navigation Ads (range finder. optical ow, objetandnark tecognition & tacking) 
‘© Visual elitr or lack of features 


© Low light smoke visibiiy 
Clothing body interference 
Cont 


45° Assumptions and constraints 
‘The following assumptions andor constrains were uilzed in development of the proposed sytem design, 


45.1 Assumptions 
‘The assumptions listed below include items derived from the BAA, responses io the BAA FAQs nd tems 
idewtiied during the analysis and design elfos ofthe proposed system 


‘©The Marine Corp Units utilizing the system are following the “Rule of Three” seueture. In a 
nutshell the ules his each Marine bas thee things to consider 
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‘© Three men to fire tam commanded by Corporal (so there are actualy’ total of four 
on the team, when you count the eam leader) Three fe teams 10 a ville squad 
commanded by a Sergeant. Thee rifle squads 1 platoon commanded by a Lieutenant 
‘Thc rifle plitoons to 4 compay commanded by a Caplin. Three companies to 3 
butalion commanded by & Lt Clone, cicete 

‘+The USMC Recon and Marie Expeditionary Rifle Squid units will plan 4 mission prior tn 
‘commiting resources to the field, the plans will inclae a stating posi foreach unit and the 
‘ea of opersion wil be defined on «common map. 

‘© As par of the mission planing activity, the dismounted solders willbe asigned mission roles to 
include sccuiy assault and supporto reserve roles ‘These roles wil be assigned tthe Pato, 
Sudo Fire"Team level based onthe number and type of resources reqized to support each role 

4+ The dismounted soldiers wil follow the procedures sted in the Feld Manuals that define the 
operational tactics in the Miliary Operations on Usbanized Tern (MOUT), Ground Combat 
(Operations, Marine Rifle Company/Pltoon, Scouting and Patong areas. 

The absolute poston is determined though some method at the beginning of the ¥ hour 
operational peri 

‘+The absolute coordinate structure will be maintained throughout the § how operation time 

‘+ Allsystoms within a given clique or operating envionment utize a common tne matk or UTC 
time Value, systems will eed 1 be cllrated or synchronized in the fel, 

‘©The area of coverage in which the eligue operates is assumed to he one Kilometer ais 

The relays are axsumed ta be within RF range ofthe clique members. 


‘©The opezation of 100m into underground or eave-lke environments requirement means 100 
linear distance int cave, or similar environments 

‘©The standard mitary radio Ethemet interface wil esuicient, 

‘©The dismounted soldiers will move by human locomotion (walking. runing, jogging. crawling 
tc.) oly during the eatte 8 hour period within a 0m eadis with a SOS-moving/SO%-staic 
‘mode during navigation 

‘©The soldier may be transprted to the area of operations via land, sa, o air anspor 

‘©The maximum number of relays uses thee (3), if sul lays are necessary. 

4 Bisttetional transfer of textual information will be ulized for mssssion of data between 
members ofthe clique oe fom clique leads to al for subset of the cigu. 

4+ The SEP accuracy of 25m is deste a the 95% probability level, 

‘© A simple 2D graphical display is sufficient as Tong as altitude data is available for the node 
positions. 

‘+ The communictin links for data transfer between nodes incorporate he NSA Suite B security 
stand, 

‘©The system components will be employed and is required to operate in a wide variety of 
‘environments inciding 

0 Urban ares 
Heavily fresto areas 
Jngles 


Underground 
CCaverlike structures 


Inside Builings 
‘+The communications system wil ot be concerned with GPS-jamming 
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‘+The reduction of faricde andthe ability to maneuver ina coordinated fashion without explicit 
‘communications va shafng of accurate position data with all clique members i the mai premise 
ofthe system, 

‘© Anilizay adi will be available to atleast one member inthe clique: she CMR will be uilzed to 
provide the military radio interface fr our proposed solution 

‘© Access othe military radio is provided so that nodeeique positions canbe wansmited to higher 
headquarters (C2) ~the platon leader wil send data tothe C2 location. 

‘© Preference will be given 10 thee dimensional (3D) position locations with fahack to 4 sw 
dimensional (2D) position lecation. 

‘© 50 9illbe the maximum numberof nodes ina single clique (includes warighes, Beacons, relays, 
ee), 

‘+The maximum potential distance traveled by the intended user within the 8 hes of operation ix 
1k radial area (10k linear distance - stright ine or random Walk, 

Admin processing willbe equised prio feling the system for a given mission 

‘© Each system will have unique ID that can be used to identify and communicate with 
that system, 

© Atuble of neighbors or ranging partes (plo the SVT table} wil be setup va an ain 
inteefae / processes pir to deploying the system 1 the Feld. Max number of ranging 
partners wll be 10, in number 

© A Relative Coordinate Systm focal node will have to be estblished fr each ranging 
Parmer group lowest level isthe Fire Team lead resource. The foal node selection wi 
bebased on the position accurscy andor signal stength, 

9 ahiove/ainain the relative position accuracy requirement 

© Atleast three (3) members ofthe clique will operate within the RF postion sensor's 

range 

© Only legged motion (eg. walking, running, climbing te.) is exercised when the system 
is relying on the INS sensor alone for position uacking (infers that GPS is 
‘navallablefuneiable and RF Non-LOS conditions exist) 

© Auxiliary datasources may be utilize 

©The user wil he able ro manually reset thee postion via the use of Visual landmarks and 
the system map interface. 

‘Visualization Design Assumptions: 

‘2 The primary user itrface will be based on the REC UI design; the RECI UT enais 
Aisplaying user poston on a blank or map layer background with 3 concent circle, 
the outer circle indicating 1.5 times the maximum effective range of the end user's 
‘weapon systems. The maximum effective range that will be displayed is 3.000 motes 
thse on the M2 weapon range. The UI will als provide a map seleto support distance 

© ADRGICADRG and Satelite maps wil be used for mission planning and these maps will 
Provide secure localization of landinarks and other points of interest during mission 
penton, 

‘© Personnel wil be able to loalize their positions using manual methods to pinpoint their 
location relative to landmarks and points of interest onthe maps 

(© Figure of Mert isa standard way to display or wack system accuracy. FOM will be 
uulled along with an associated value to display the avuracy ofthe system positon dats 
‘loos withthe network heatconnectvty sat, 
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452° — Constraints 
‘The flowing constraints ae based on ststements found in the BAA, responses to BAA FAQs and physical 
‘constants of the propose system components: 

‘©The systom must operate over an 8 hour period with single charge ofa BA-S590 hattery 

‘©The system must maintain 425 meter Spherical Ens Probability (SEP) over the § hour period and 

‘yer a range of 10k: 

4+ Teenie clique will be operating within a 2km area over the 1km ange: 

‘© Theatre sjstom shall weigh Ikg 2.21) oF less, not inching battery: 

© The sjstem size shall be 400 em [24.4 in’ ores, not including batery 


4+ Trequited no more than 3 relays can be wilized to support operon in underground or eave like 
‘environments; and 


4+ The system may not have acess GPS during the 8 hour period. 


4.6 Concepts for the Proposed System 
‘The ONR project phase I efforts primarily addressed the analysis of available technologies, commensal oT 
the shelf (COTS) products, and studies on algorithms required to merge daa from Various seasos to coable 
the system to overcome the limitations of the INS component. The analysis effort was accomplished i) 
idemify which components would meet the technical requirements stated inthe BAA and provided high 
level design ofthe software algocthns / processing required to integrate data fom each Senso uencratig 
tn accurate poston value. To tht end the proposed stem willbe compised of 
‘© A simplitiod user imesce. 
4 Minimum set of hardware / software required to produce an ccurte postion dataset for the local 
stem user) 
‘© A self-generating,sel-Heaing, ad-hoc network for distbation of the position data to the ether 
members ofthe clique. 
‘© An interface to «military sad fr distiution ofthe postion data forall clique members tothe 
{€2 location wo aid in tefl situationl awareness. 


1+ Allsensors required to provide accurate position data 
‘© Microcomputer hardware and software to merge the seasr data generate Visual display fr the 


user. and outpt data for transfer scros the network for communiitions between clique metsbers 
forthe C2 location, 


4:7 Background, objectives, and scope 


‘The ONR project is specially targeted to significanly improve the ability of Expotionary Forces to 
navigate in areas where signals from GPS are weak or blocked, GPS denial may occur in urban tern. 
thick forests or jungles where buildings and wees limit satellite visibility. Operations within buildings or 
underground prevent the ability to access GPS satelite and hamper RF communications 


“The objective ofthe proposed sytem should enable the dismounted solder to locate thie postion without 
the use of GPS. provide means to show relative poston data to other team members. peovde al eam 
‘members with the ability to shae this informtion among networked forces including eet teams, adjacent 
‘nts or headquarters personel 


“The scope ofthe Phase | effort of this project to analyze the cument capabilities of COTS products, 

determine what is required ta integrate these products; and define enhancements that improve system 

performance and operational capabilies to produce a system that is reliable and that meets the 

Fequirements stated inthe BAA. The Phase I fortis 7 mouths i duration and the deliverables include 

‘ysl requirements, operational requirements, and a high level design. Post review of the Phase | 
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<eliverales the ONR projec office will down sclect vendors o participate in Phase 2 detailed design and 
‘protoype constuction efforts. The final system should be ready fr use bythe USMC during F¥OS. 


48 Operational policies and constraints 
“Thete following operational polices or construints ane bused on the proposed system design, or hardware 
Timiations:| 
‘©The maximum number of cligue members supported bya single network sland i 5; 
‘©The maximam number of cligues that canbe supported by the network is $0 or atta of 2500 
des 
‘©The maximum range berveen TOA Ranging partners wl be based on the height ofthe system 
antenna signal HDOP value. deph of foliage i the Arca of Operation (AO) and the CMR ouput 
power (ee Figure 12 for details on system accuricy); and 
‘©The system shall will ake 30-60 seconds to initlize in the absence of absolute position dat, 
when absolute datas alle the system wil ake less than 30 seconds to initialize. 
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Figure 12- TOA Range Accuracy vs. HDOP and Foliage Depth 


[Note:The plots show TOA locaton accursey versus range, HDOP, and foliage depth. The TOA 
application is used to detemine horizontal postion by pevfomning RF ranging, with TOA messuremca, 
to (2) references wih an associated HDOP (assumed hereto be trom | ~ 4). Foliage atenuates the signal 
25 Tunction of dep andthe foliage isnt necessarily contiguous, fr example, 100m of fli could he 
Spread over a 2km range. Note that best achievable TOA accuracy of approximately 1 Sn (estimated) 
limits CEP at the closes ranges, fr example = Aan ange ia the fst chart (Foliage Depth 
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4.9 Description of the proposed system 


ae 

















Figure 13 - Proposed System Components 
“The basic NAVGPSDE System desig wil integrate the following components: 


4+ Ge0-Location Core Unit or Inet Navigation System (INS) including: 
© Inerial Navigation System (INS) Sensor Board including the fllowing components; 
+ Ti-axial Accelerometer 
Tibial Gyroscope: 
+ Ticaial Mapnetometer: 
Pressure Sensor / Barometer and 
Analog wo Digital Convener. 


High Performance Commercial GPS Receiver INS Fusion pe-proceson, 
Velocimetr 


General Purpose Processor and Peripheral Single Board Computer (SBC) to fase INS. 
GPS, RF'TOA and ausilary data based poston estimates; provide networking suppor: 
an 4 Human Machine Tnterface (HMI for the visual display unit 


Exernl GPS antenna and CMR connections: 
External Battery connection; 
Exernal Visual Display Unit connection; 
External Miltary Radio Interface connection: and 
System Ow/O4F and Kill switches. 
“+ Clique Member Radio (CMR) a Mul-band Software Defined Radio (SDR) wo: 

‘0 Enable network formation, connectivity and transssson; and 

© Provide RF range based position estimates (TOAQMFR).. 

‘+ Visual Display Unit with integrated Operstr Contos 

‘When GPS is availble and accurate the NAVGPSDE System will primarily identify the GPS signal asthe 
most accurate position estimate. and the system ill automatically calibrate the INS and TOA based 
Postion estimates. When the svallubilty of accuracy of the GPS signal declines, the system will 
‘Automatically switch toa fased pasion estimate infeed fm the INS and RF compoacns the INS will 
‘he automatically calitvated when the TOA based position estimate is within the required Spherical Exor 
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Probable (SEP). The auxiliary data acquisiion / ansmisson components can he mobile ar stationary. 
pethap placed in GPS enabled veicls. 


Primary position estimation will be performed by the INS when GPS is ether inaccurate or unavailable and 
the RF bused postion estimate is unciale. To maintain RF based position estimates i high multipath 
‘environments, the RF ranging packets will incorporte, Quadrature Muti Frequency Ranging (QMER) 
Which uses novel equency hopping and lading edge curve iting techniques to detemune the fequenc) 
1 which the ulipath ipact is unimized. The NAVGPSDE system will automatically itersperse RF 
Fanging packets during network operation. The accuracy geal forthe NAVGPSDE system is 3m SEP in all 


‘The NAVGPSDE System will provide commusications in muliple bands from 12MHz to 4.8ME2 
‘andi and wil operte up 182k in the open eld and upto Tk in urban areas, With dats transfer 
apabilies of up to 26Mbps: the NAVGPSDE System will suppon Yrious fick data needs, including 
Inter-ligue positon data and text messaging. The NAVGPSDE. System will automaticaly form ad hoe 
networks; can be contolled via an integrated Human Machine Interface (HMI) ad can also provide fll 
function conto via extemal HM with 4 PDAVCDA or compute. 


(ur concept forthe NAVGPSDEE Systems that it maybe used with or without ser interfase. When used 
without user interface, the user will simply press the On/OiT Buton to sta tacking and to conchae 
tacking. When the syst is stated, it will perfor intalization and cllrationproceses including GPS 
‘cquisition, and inialization ofthe INS setings.As wel, the embedded SDR will automatically establish 
network communications and determine is positon eave to other mobile andr fxed network systems, 
using TOA and QMER techaiqus. The system will continuously Tuse the independent position estimates 
‘nd continuousiyfperiodicaly transmit the fused 3D position esate across the mobile network, where 
Will be parsed and displayed on a C2 console or any other authorized mobile compute. In this ease, 
Configuration ofthe NAVGPSDE Sysiem parameters, suchas wansmi fate can be ot via an adhnistaive 
‘console. Remote configuration will bea future system enhancement; this Functionality wil not be present 
inthe prototype systems, 








When used with a usr interface, the system wil execute the same power on, inalization and calibation 
proceses. The user can also manually sevfest thei location at any time. In ation, the user willbe able 
to integrate local maps, display other mobile personnel (id, loaton, group te... Additionally, the user 
‘ill be ale wo plceeaibate the 3D coordinates of heiconlrepestrs and communicate with oer mobile 
Pessoal. AS future enhancemcot the system wil enable encrypted texidata communications using the 
IP based network. System configuration values, such as transmit ate and lal maps canbe set lay or 
ia an administrative conse 








‘The system will ulize auxiliary datasources to provide the ability to acquite solute postion reference 
data within the area of operation, these sources include: 


CMR Reference Data Pints Nodes 





Reference dats pots willbe provided for use by the TOA ranging system from mission support vehicles 
nd personnel that are within ine of sight communication. These efereaces will uilze the sae hardware 
thats present on ether clique member o provide a least mobile reference point or position data value for 
sen position triangulation /lateaton within the afes of operations for bile clgue members 


49.1 Operational Environment 

‘The system will be functional in open or forested tern, ban areas. inside buildings and underground or 

cave like environments. The following images depict the operational environments) forthe proposed 

System. The sjstm wil ulize the INS asthe coee navigation / position estimate dats sources which vill 

‘he supported by sditonal sensors, The sensor date wil be analyzed and fused to provide the optimal 
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Ponition estimate accuracy. Furr, the individual sensor device outputs will be ws to calibrate the 
fyxtem when cerain aocuricy thresholds have been exceeded. The sysem will utilize signals of 
‘opportunity from supported auxiliary data sources) acess within the area of operation 


Figure 14” Operational Enviconment 





49.2 Major System Components 
“The components displayed in Figute 13 will form the core functionality ofthe NAVGPSDE system, 


492.1 Geo-Location Core Unit 
‘The Geo-Location Core Unit contains the core processing capability ofthe system with the Following 
‘componente housed in a single enclosure 

‘INS Sensor Board / Vetronix DRC; 

‘GPS Receiver INS Fusion Pre- Processor 

{Sonic Instruments RSS Radat Velocimete; and 

© INS/TOA /GPS Fusion, Networking. Visualization, and Human Machine Inerfce (HMI) Single 

Board Computer (SBC). 
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492.11 INS Sensor Board / Veetronis DRC 


‘The INS Sensor Boa is small (55mm x 70mm x Jam) and costs less than $200, In ation, the Doad is 
highly adaptable to advancemens in senso technology, As higher performance MEMS becorsesvalale 
‘old components can he replaced without significant changes inthe system design. The onboard sensors 
include a t-skial accelerometer, tania sy, 

nd w-atal magnetometer sensor suite that fom, 
2 G-degsee of fcedom (DOF) Inertial 
Measurement Unit (IMU). ‘The IMU will 
measure changes i mobility and orientation and 
‘ll consis of high-performance sensors in ender oo 
to reduce measurement drift. The sensor boad 

also includes a pressure seasor(huromete), for 
Sctermining relative alte, and an analg-to- 

tigital convener that will quantize the IMU ar 
enor information, ‘The bias dif errors which 

‘fe common to ll INS sensors will be addressed 
Via sensor fusion algorithms managed by the 
{axO GPS receiver / INS pre-processor and 
SHC components af the system, Although low 4 Le 
level HO drivers have been developed for the Foe 

Sensor Boal to communicate with the GPS Hapere 15° INS Sear Hoan 

receiver INS pre qrocessor, the device regimes further integration efots tat will exceed the ONR phase 
imeframe. Foe this reason, we will wse the Veetronix Dead-Reckoning Computer (DRC) for the phase It 
prosope, 


‘The DRC is small (49mm x 33mm x 135mm) and is curently in production and avallale for purchase. 
Several DRC units have been acquire, iterated and tested by our Mercury system engineers From 
Preliminary test results, the eo oer distance taveled during navigation in a2 Dimensional GPS-Deaied 
Eavisonment with arbitrary magnetic interference sources Was approximately 3%-S%. Additonal work ix 
being done by Vectonx to futher improve the accelerometer sensor performance ofthe DRC in oaler 
more accursely detect 4 variety of motions beyond forward walking, including sideways and backward 
Inotions. For example, an autonomous stp-scale and misalignment ealieation (Helmet Calhation) has 
‘heen developed. Additional Eahancementimprverens in the machine-machine interface ate alsa 
underway such as a function to increase the elibilty of date exchange between the DRC and host 
‘computer fs under consideration. The DRC consists of a i-axs accelerometer  ri-ans magnetometer and 
4 miro-conrller capable of providing fused position estimates ia 

NMEAOISS compatible and proprietary Veeuonix sentence 
formats. With the current sensor configuration only 2-D navigation 
is atainable and beading errs will accumulate quickly in the 
presence of long-irm magnetic disturbances. ‘The step-model is 
ko a limitation ofthe DRC. asi curently static model tht 
averages the step length ofthe navigating personnel. function © 
‘eieet whether the sensor isin a prene oentation is included and 
tn accurate azimuth reading is sill produced hile i this mode; 
however, nochange in position ean be detected while the senso is 
‘operating. in this fashion, Significant advantages of the DRC 
Solution are relative to its ability to he mounted practically 
anywhere on user's elt orton area as wells the fact that itis Figure 16 Veetronix DRC 
Completely selEcontained INS stem in a stall package that 

ecady meets the SWAP requirements ofthe ONR project. 
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For the DRC to mect the full ONR system requirements a barometer and gyroscope must be integrated. 
‘The barometer will enable 3D positioning and the gy will aigment the DRC's magnetic compass for 
‘more accurate heading determination. Uniizing the DRC, we ca focus on te barometer ad gyro efforts 
tnd develop the poston fusion and mobility estimation algoriths discussed earlier. Due to the fact that 
the DRC does nt currently met the sstem cost goal for productizaton, the Sensoy Board Wil eveatally 
replace the DRC and the phase I algorithms will be poted tothe ew devie. This process will require 
‘ninimal additional efor, mostly centred on tung the position fusion alge 16 the Sensor Boar 
‘characteris, 








492.12 GPS Receiver! Inertial Navigation System (INS) Pre-Processor 


Mero hat seth he Fast STRAXOS GPS recive component ani hat is compo 
provide appr for GPS dass well x povding TNS proceso apy i igh dice 
‘oughly te sie of sang (22mm ¥ Sy 29m The HTRARTS 
‘ues 4% af pocsng copay Yond GPS untnay 
Wich ene 0 for INS son poser The devi spat 
we ‘Assisted GPS, fete that wil reduce ‘TTF and minimize 
eatin tine of te ene Aces 1 ra pseu ange 
Se See ei aaa cinta na ir oan ee 
Scum, iota GPS spo ont the sto smpent for 
iain cet elo sown eye acy eng CS 
SEP. Anaher majrabantge of hs componcat tht Kalman 
Figure 17=Taa03 GPS Per iay tan be evrage for be NSIGPS pr pceing 
ese INS Ps Pr 


aes Adionalrainale for using this component include the presence of a 


high sensitivity GPS receiver, the ability 10 derive GPS data trom 

Pscudoltes: ow power consumption: and a Software Developers Kit 
(SDK) which includes a Kalman Filter ibrary: diet eonacetvity with INS Seasor Board and embedded 
processor and the capability o tightly couple GPS, INS and Pseudoites Via SDK coafigration, 


492.11 Sonic Instruments RSS Radar Velocimeter 


Mercury Data Systems is curelly testing the Sonic Instruments RSS radar yeloimeter prototype. The 
‘sensor measures the Doppler Effect change in frequency and wavelength perceived by an observer 
moving toward the wave while itis being received ~ to calculate the ground speed of a person. The 
‘locimeter consists of « DSP and 10 controle, long with sporting chipset, 

“The system integration of the velocimeter data ie focused on complimenting the INS accelerometer 
‘component, The output will be used to validate and compliment the INS data providing a means forthe 
Sytem to overcome any sep length emorsintraduced by the INS stp model fy supporting all motility 
odes, The velocimeter can be used to ineease the accuracy ofthe INS and dself has an estimated 
sccuray of 41% af distance tated, based on MDS testing ess 


Navirton na GPS-Denie irre Cano Options Page 28 
nlite Uncasod 


“7 
ONR MERCURY 





492.14 INS/TOA/GPS Fusion, Neworking, Visualization, and Human Machine Interface (HMI) 
Single Board Computer (SBC) 


Mercury has sesarchod various processor mules and commerial-ofhe-shelf (COTS) single board 
‘computers (SBC's). The avantage of using a device similar toa SBC is that all processing and peripheral 
Suppor is integrated en one smal printed circuit board (PCB). Although several SBCs are avallable that 
nec the spstem performance goals, noe have been 

Hentied that meet the dese size und cost gol for esgesae— attra tom 
productiztion As a esl, Mercury will develop 3 Lene 

custom SBC solution for’ productization utilizing 

Freescale Semiconductor's ColdFite embedded 
Imiesopmcessor for seasor fasion and integrated 
Peripteral connections Tor visualization and: HM 
Support. The ColdFie processor features mile 
connectivity peripherals including two Ethernet, USB 
20, FC. and Serial (RS-282/SPI) interfaces required 
forthe Visualization, INS/GPS, CMR. Miltary Rao 
and power subsysems. The ColdFie core also 
yauvides a Memory Management Unit (MMU, dul 
Precision hardware Floating Point Uait(FPU and up 
to 10 (Dhrystone 2.1) MIPS at 266 MHz — al of 
which ensure the sensor fusion algorithm will pert 
4s fast and accurate as possible. In addon, the 
Sevice offen an encryption accelerator for sccute 
network communications tm augment the security 


features proved bythe CMR. io ota cra 
“The custom SHC development efforts wil exceed the ‘Figure 18 Arcom Valean SBC 





ONR phate Il timefame; hence, Arcom’s: Vulcan 
SBC (Figure 18) willbe implemented for the phase I! prototype. The Vulcan SBC isa low-power PCIOL 
format (96mm x 91mm) based on Inks S33MHz IXPA2S XScale network processor, The features ince 
‘dual 10/1fbaseTs Ethernet pots with hanware accelerated encryption (DES. 3DES, AES) and 
tutbeaszation (SHA-I and MDS), four (4 seal pots, four USB 2.0. digital LO. realtime clock (RTC) 
with 5 day+ backup, tamper switch input, cabosrd and CompactFlash (CF+) expansion, The device 
averages 3.5W power consumpsion and can opera within & range of -10 degrees Celsius to 485 degrees 
(Celsius (extended range version). The IXP!25 supports software emulation of Hating poiat arithmetic 
‘which wil require performance validation to met ONR system requirement 


492.2 Clique Member Radio (CMR) 


‘The Clique Member Radios hased on the fe proven Soldier Radio 
Waveform (SRW). The functionality provided by the CMR includes 
the folowing. 


‘© Inta-Clique communication both data and text messaging 
{Miltary Standard Radio interoperability for reach-back 10 
heaiguarers. 
© RERanging/TOA 
2 TTRS Custer 5 compliance 
“The RF Ranging / TOA Postion Accuracy is time-independent, The 


relative positioning capability is also independent of GPS avalaiity 
fad he Systems can mina accurate location for well over 8 hours 





Figure 19 CMR WSET 00 
Hames 
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4s define by the BAA specification. These radios can operate upto 24 hours based on the battery life for 
Standard multary barrie 


“The radio is proven miltary-grade radio with field experienc fiom AAEF and CAISR OTM withthe 
following advantages: 


“+ Mutichopping. ad-hoc networking capability provided with no pre-existing infrastructure. 
4+ Ant-am, LPULPD waveform, 


‘© COMSEC/TRANSEC (Type3 AES with path to Type! Crypto), the current configuration is 
‘compatible with and ean be upgraded 0 NSA suite B requirements 


1 No ser setup sequined to frm the network ata provide the RETOA Ranging location data. 


“The radio is tunable within the UHF Band for RF transmissions (compared to 802-x% frequencies) and 
provides optimum building penetston and maximum communication range. The radio incorporates an 
‘expandable / salable systcm that can easly secommedatethe integration of additonal senso 


“The system will be avalale in fst quarter 2008 ia the form of an RE Digital ASIC based onthe euttent 
‘miniaturization (SWAP and cos) plans in place at ITT. This miaistuizaton effon will enable MDS to 
Inect the SWAP goals forthe final form factor of the integrated system and to reduce the numberof system 
‘components othe single enclosure and the display unit 


492.3 Display Unit 


Several components were evaluate forthe visualization component ofthe ONR systems, At his pot the 
Kent Displays, Inc. Cholesteric Ligid Crystal Display (CALCD) Module appears to be the most cost- 
clfectve component, As a result, the device is argeted fr the prodstization phase. Ken his experience 
Working with DARPA to produce CHLCD technologies for mulitary applications. The Kent devices are 
feneri-purpoxe monochrome or full color graphic display modules suited for baltry powered portable 
Sevices and display applicatons. The modules include a wide viewing angle and ae sunlight feadable 
‘The display is a reletive choleseieLigud crystal display that takes Tull advantage of the ichnology's 
unique "No Power” image retention atte, The embedded display controler generates the unue 
CCHLCD drive waveforms and provides automatic tempersture compensation. The SPI-campatile interface 
to the embedded controller simplifies system integration using a minimal number of UO resources snd 
‘antols all display operations, fom downiading image data o wggering display updates. These units ean 
tlko be made readable for use at night or in linsted ight environs via the addon ofa ight source layer 
Kent also proces an Inia dapay whichis eadable at night vi the use of night vision goggles aswell 
dea flexible display system. These displays will need to be mounted in an enclosure with conto 0 
Provide the display uni for his system, MDS plans on placing these unis into an enclosure similar to that 
se by the Tridemt WD unit as shown below. 





Figure 20— A) Kent Infused Display: B) Keat Flexible Display: and C) Trideat Enclosure w/ Cools 
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“The development effons necessary to praduce an enclosure and opertor controls forthe Kent display 
‘exceed the ONR phase Il iettame. AS aresul the Tridem Wearable Display (WD) wil he wed forthe 
(ONR phase I prototype. Ahnagh the WD does not met the con requirements for productization i wl 
provide a preat platform to prove the visualization concepts ofthe ONR project. The WD is both sll in 
Hee (Iidmm 66mm x 25mm) and rugged (sighed for MILSTD- 810F and. MIL-STD-AGIE 
Eamplince). Using 8 28° QVGA (320x240) LCD with an LED backlight, the WD provides sualiht- 
readahility and night vision goggle (NVG) fiendly operation. As an add feature, specifically designed 
for operation in hostile environments, the display inclads recessed LCD "il switch” foe instantaneous 
zero ight emissions 


The operator interface consis of a sway joystick with inepeal press-to-sclet capability and wo 
‘ditional faction buttons. AU buttons provide late feedhock, and ae fully programmable fr conto of 
fuy host computer application. In addition to monitoring and conol functionality, the WD has a 
programmable vibration capability. providing operator-dtined ales with adjustable cadences for further 
hands-fice operation. Mounting the WD is normally dove on the operator's forearm, but the saps are 
Modular Lightweight Load-carying equipment (MOLLE)-compathle, allowing easy interfacing. with 
standard military gear Using a sna diameter USB cable. the WD draws power from and communicates 
‘withthe host computer. This cable ean he routed up the ata for easy canactton with a back-meounied hist 
computer. 


“To pve the system user with the interace they deste at various pice points we secommend ane ofthe 
pac 


‘Table 1 - Display Unit Component Options 








Display Deseription Price per unit, 
1000 pieces 
eat Jj VGA ChLCD — with addon of sytem lighting souce and heat sup: | S77 


Resolution 240 x 160, DPI 100; Viewing Area (W x Hx Digg.) AL x 61 x 735 mm 
and Volutne 43 ext 





Keat 1 VGA CALCD — with alton of stm lighting souce and beat sup: | S77 
Resolution 320 x 240; DPI 72: Viewing Area (W x Hx Diag) 87x 114 x 143 mm: 
and Volutne 138 cm 











Fall color version of the Kent 4 VGA mov 20 
‘Kent Infrared in either size Wate above with the ame Feature, viewing area, and | S120 
volume, 

‘Kent Flexible Display — with alton of yatm lighting source and beat ip: wize | S80 


‘an be custom orders © meet application J user needs, production volumes not 
vile until 1008, 





“ident Display - QVGA high resolution ANILCD (Active Matix) display: night [| __ $859 
vision goggle trendy: operator conyolled ultra-high dynanic ange LED backlight 
MIL-STD-SI0F and MIL-STD-461E compliant: 28" dagonal display and volume 
Wem" 














Note: Prices are approximate values hase on feedback from Kent sales contac, an actual quote was nat 
Jove. The Trident Display pice listed i or eseller cost at 1000 unis 
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4.9.3 Optional Components - Auxiliary Data Sources 


‘© LORAN/LORADD — LORAN techaology has been used since World War IL In cent yeas the 
‘apahilies of LORAN have been tremendously enhanced. eLORAN,as the new version i ealled, 
‘an provide accursey within 20 meters of tue pasion. As well, many new LORAN transmits 
have been installed: today LORAN covers all of North America, Europe, the Middle Eas, atl 
ost of Asia 


LLORAN position estimates are not as accurate as GPS, but they are more puscise; a LORAN 
etermined! position will always define the same pot, whereas a GPS deternined position will 
‘vary based upon the geometry ofthe GPS constellation. When LORAN is combined with GPS of 
Calllyted by GPS, LORAN is able wo mainain accurate positioning during GPS outages. When 
LORAN and GPS are combined with an odometry system, Yehicles are able to maintain accurate 
positioning throughout GPS Denied environment. 





“The Lorald integrated GPS/LORAN receiver fiom Reclectonika is designed to combine the 
signals from GPS, LORAN, and ther associated augmentation systems. to improve accuracy. 
‘valabilty and continuity ofthe nwvigaion function. ‘The itepation ofthese signals is sed 
‘verome the dssinular failure modes of the individual navigation systems and. provide 
complementary system designed (0 inhibit a single point of fare. Differential corections 
compensate for satelite timing eros, the effects of diferent ionispheric delays are reduced, the 
resulting Difereatial GPS (DGPS) solution ean the be used to clit the Lora eceiver ance 
Calibrated the sjstem benefits fom the repeatable accuracy chaacersics of Lord. This system 
allows the GPS and LORAN signals be ullized independently orth signals can be combined 
‘With the augmentation data to produce a combined poston estimate. The system suppons the use 
fof the following augmentation signals: Satelite Based Augentation System (SBAS), Euofix 
Local Area Auginenaton stem (ELAAS): Euofix Regional Arca Augmentation System 
(ERAS), Radiobescon diferental corections: Differential LORAN or Audition Secondary 
Factor (ASF) data and UTC beoadeast service 





Figure 22~ Loradd GPS (blu), LOR 
(green) and GPS-conditioned LORAN (red, 
‘Lattude Ws. longitude pot, WestSide (degrees) 


Figure 21 ~ Tracking with GPS/LORAN 


Performance Analysis ofan Integrated Tracking System, lames Carol, GPS Wold, 71 





06 


‘Successful results have been have heen achieved by an integrated GPS/LORANIDR when tested 
inuban applications in he lower Manhattan financial dst of New York Cty. By sampling the 
‘covariance betvea GPS an! LORAN, the LORAN signal can be conditioned to provide aceurae 
‘GPS Denied navigation, The resus of the tests show th LORAN can effectively provide a 
hckup data source in areas where GPS doesnot each, including uiban canyons and open tunnel 





‘© Psuedoltes  Pscudolits are able to generate the same LI signal that GPS satellites generat: 

therefore a propeey configured GPS receiver can sequite positioning informatio frm both GPS 
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satellites and pscudolites. Pseudlite signals can be broadcast fom known locations using various 
niltary and commercial radio and various fequencis. In la, there ate over 100 bases in Which 
roudoites can be placed to transit Lt signals, The signalk will be acquired by the standard 
fnienas on the remote vehicles. Once the signals are acquired, an application ean then wansfer 
them dell tothe ITRAXOS (iL s broadcast at GPS frequency or aa frequency converter IF 
LL is broadcast at an alterate frequency), which will process them as though they Were secived 
slnectly fram a GPS satelite or oeudoite 


“The accuracy ofboth personnel vehicle positon can he further augmented by use of pseudolies 
As vehicles transport Marines to aeasof operation, their poston estimates can be augmented by 
the LI broadcasts from Pscudolites. In GPS Denied areas, poetdoites can be used to provide 
Position information to GPS receivers even when the sgial ftom GPS suellites cannot be 
equied. 


[Nomlly seudolites signal are genersted athe same frequency as GPS satellites, so their we is 
regulated By iatemational laws, bu if the pseudolite signa is broadcast ata different frequency 
these regulations canbe avoided. By wansmiting the Lt signal at a diferet frequency. We can 
slko ensure thatthe signals will not be jammed or spoofed, However, most hardware based GPS 
receivers will not be able to pick up the GPS signals ata diferent fequency. Ou solution so use 
{GPS receiver, the TRANS, which provides on-board suppor for peeudliteteasasions. 


We have reviewed two pseudoite systems — fom the Center for Remote Sensing (CRS) and 
Space Systems of Finland (SSF). The SSF GSG-L1 pseudalte systems peovde an economical 
Solution ina small package size and have a tunable oscillator, which enables Lt beeadcasts at 
‘rious frequencies. In addition, SSF provides sofware forthe STRAXI that supports GSG-LL 
Froude 


‘+ APRS ~The Automatic Position Reporting System (APRS) a system which has heen developed 
hy Capt Evangelos Foutzizis at NPS. Esseataly, the system uses the Red Bee radio (433ME, 
10 maintain 2 way data communications at over 70 miles distance (LOS). The comunication 
packages are encrypted / compressed to uansnit IDIGPS data. Captain Foutaiuis is curently 
‘working with MDS to enhance his system to support pseudlite data tansmission, adapting APRS 
To wansmit PLL at 483MHz. The APRS program ls curently supported funded by DARPA, 


‘+ Synopsis — Using «combination of GPS, LORAN, odometry and pscudolites, mobile vehicles ean 
sccustly determine ter position anywhere and in any enviooment. 


IF peeudoites are also plced within the mobile vehicles, then they tno ean serve as absolute 
potion references for istounted soldiers. The essential pplication architecture willbe the 
Same. The frequency of the vehicle mounted pseudolies willbe converted 1 the LAN frequency 
that connects the Vehicles and the dismounted sors. Then, the dsmaunte soldiers can eceive 
the LI signals using their standard radios. The L1 signal can be transferred to ther individual 
software GPS secevers, wich en be installed on ther mobile system controllers. thee or ore 
pscudoite signals can be revsived, the dismounted soldier can determine thir postion without 
ny GPS. Ifthe solders als have GPS receivers, he pseudolte and GPS based position estimates 
‘can be combined. 








We ate discussing collaboration with NPS to develop an auxiliary data source solution that 
combines the GSG-LI pacuolites and the APRS raion We plan to develop tis solution daring 
207 

Asan example if GSG-LI Puedolite transceivers wore positioned on existing radio towers in 18 
ofthe camps within the ag theatre af operations, the aula systems could cover 75-80% ofthe 
entice county with absolute data via use of LOS RF tansmisson eguipmeat Esumated LOS 
‘ange of the APRS transceivers is 70 mies. By interspersiag mebile/ponable psevdalite systems 
that can tilsterae thee postion sing GPS and/or oder pueudoltes at known locations absolute 
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postion coverage of provinces, even the cme county. can be economically achieved. The 
Iobilepeeudolite placement wil no equie high accuracy surveys placed within 5 metry of 
round uth, the GSG-L1 can maintain 25m absolute positon accuracy within an area of 
‘operation (10K x 2K), See figure below fr projected coverage from 18 stems. 





7 ee 
































Figure 23 Projecicd Pouedalite Coverage of rag 


+ CMR Beacons — Similar results as those described above for Psuolites can be provided hy the 
‘EMR radio component to provide eange references to absolute position estimate in the area of 
‘operation when the AO is within a 10k range ofthe bse of operation oc the CMRS have access 
10 GPS, PLs ar calibrated Locan_ Unlike the pseudolies, the CMR beacons ae portable an they 
Will addtonally support mesh networking and communications forte clique 


‘The concept fr determining absolute postion while navigating in urn aeas is shown in figure 
23. As shown, wo CMR references would ave to he positioned atthe base of operation othe 
‘mission sut location for use duting absolute hoizonal positioning when RE ranging. "The 
Position data forthe CMR reference beacons will hve to be entered into the CMR mmetiory to 
provide the reference postion data a harometer willbe used for absolute vertical posioning to 
Achieve a reasonable VDOP for RF ranging. The tWo fixed references would have t be mounted 
Sta miniaum elevation of 14m and use SdBi directional antennas Taing the ausion area with 
‘minimum separion of km, The clique members willbe abl to reach back to these references 
‘hroughoue a10km rea. 

“This approach canbe utilized when mission parameters meet the operational imitations described. 
‘This concept would not require the purchse and isallation oF addtional harware any one of 


the system nodes could be uilize o provide this Functionality and existing antenna lowers could 
be wed fo mount the ditetionslantennus. This option should only be considered in conditions 
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\vhete missions within a 10km range ofthe base are prevalent or an absolute positioning source is 
valle a the ates of operations boundary. 

CMR beacons, when equipped 1 receive pscudolite andr e-Loran signals, can extend absolute 
positioning into an AO Af GPS is denied atthe AO boundaries. Similan equipped CMR beacons 
Placed in vehicles, can furher extend accurate clique navigation within and beyond the AO. 





Figure 24 ~ AfSoluePostioning ConceprUsing CMR 


‘© Radio Based Combat Id Integration - The Radio Based Comb Ld (RECT) ACTD system ss 
been developed hy ITT, and provide automtedinermgstontesponse for Blue Free tracking of 
“Marine Corps. Army and NATO forces. The RBCI teums from the Marine Corps and Ara lave 
requested iteration of ou proposed NAVGPSDE: system withthe RBC sjstem his equest is 
Unfunded, The timeframe foquesed for RECT field evaluston coincides withthe expected 
NAVGPSDE field evaluation tnerane 


RBCI functionality includ 


GPS coondinate based Q&A Combat Meification Capability 
'SW-Only Upgrade to Combat Net Radios & Intrice Systems 

Software Waveform upgrade for SINCGARS ASIP, Ar SIP and Exporuble Speathead radios 
Probability of ID (Pid) > 95% 

Time o ID (Tid) -2.05ce 

‘Variable size footprint fr target area clearance inertogation 

+ Provides danger lose (minimum safe distance) for nearby fiendly forces 

With NAVGPSDE negation, RECI willbe able to support soldier wacking in GPS Denied 
environments. RECT inegration will extend the capabilites of NAVGPSDE to support and be 
use by eter systems and platform. Integration ofthe two systems wil also increase probaity 
that the NAVGPSDE cost objective can be reached — since probable production volume will 
increase due 19 Army procurements vi te Combat Id POM. which wll begin ia 2008. Iategeation 
of the two programs wal enul the adaption ofthe RBCI messaging software foe the CMR 
Waveform and the adaptation of the RCT use intttace to support NAVGPSDE.requtements 
See Figure 25 fora visual description ofthe RBCT system component 





pega 
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494 Interfaces 
“he following agra shows he ysem ners deseo ech nefice spied below 





Figure 26- System Interfaces 
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494 Internal Interfaces 
‘+ INS Sensor Board Data Interface ~ provides relative 3D (xyz axis) postion and heading 
information of navigating personne va SPI connection. 
+ Velocimeter Data Interface — provides velocity of the navigating personnel via RS-232 
‘+ INS/GPS Data Interface — provides pre-processed INSIGPS position information along with a 
Figure-of Merit (accuracy indicator) othe INSIGPSITOA Geo Location fusion processor Via RS- 
232 connection, 


External Interfaces 

‘+ Hlost Data Interface — provides spatial awareness and operator input via RS-232 connection, or 
simi 

‘+ Military Radio Interface — provides clique team leaders with C2 updates including txt 
messaging and mission dats, and C2 with cliue-wide positon updates via stand Ethemet 

‘+ TOA Data Interface ~ provides TOA ranging data, TOA selibity indicator, and position 
Information for ranging partets / auciliay eefeence CM's within the clique via RS-232 

‘+ Communications Data Interface — provides clique-wide positon and mobility updates s well ak 
text messaging via standard Ethernet connection. 


49.5 Capabilities 
“The capabilities incladed in the proposed system include: 








49S General Capabilities 
‘© A sel generating, self-healing, ad-hoc network 
‘© System sequstion of absoluwe position data when availble, automatic shift to referential 
coordinate system when absolute data is nt avalable 
4+ The RE TOA component will be wilized to perform intemnittent calibrations forthe INS to 
‘compensate forthe bis dif nd inctease positon accuracy over diane traveled 


‘+ 3D poston estimation processing, data output foreach user will include Latitude, Langtude and 
‘fue, 


4952 Project Specific Capabilities 
1) Thesystem should not burden the deployed forces in either yolume oF mass. 
‘The estimated weight and volume of the prototype sjstm is displayed inthe table below. The 
final Tor factor system estimates are also provide, these valucs ae estimated bused an activites 
requited to complete the deled design and system productization efforts that are described in 
this documeat (see Produetzation secon). The pices provided below are ased oa quantities of 
100 uns. 
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‘Table 2- System Estimated Size Weight Price 







































































‘Component [Volume [Sass [Price 
Phase 2 Povonype 
‘Geo Location Core Unita a Single Facosure | Wo" Te oar 
{Querbox) w! 
= _ INS Sensor Baan 538 70 Ta a TE 
= GPS Receiver INS Psion Pre TSear 3 
rocessor— 22. 25x 29 mn 
= Welosimeir 39x 39x 25mm BET 7 3177 
= INS/TOAGPS Fusion, Networtang, | 16 em BE STO 
Visuulization and HMI SBC — 110 
5x2 0 
Care Walt Sato | NI TE Tar 
CHR TERT Tsou [Sarg 3507 
Visual Display Unit (Ket Infaned 7) VGA) w? | — 158 en Oe 3120 
nelosue and controls 114.3 x 66:25 nm 
separate components fora total | TT car —[ Tasks [S005 
‘Final Form Factor 
‘Two conponcts Sage Enclosure wallsensor | Tess anor | Cesthan or | Us than or 
and processing components and visual display | equalte 400 | equal to kg | equal to 
nis cm 2.000 USD. 
Note: ‘The cosis listed above are component costs only. The product manufacturing coms for 





esiom barkplane, unt assembly, enclosure ogi development an testing: ze not known at this 
in and will be based on the final form Ector design. We estimate the production costo beat 
fener the target pice pot 

"The CMR cost listed is for the target price ofthe ASIC chip which willbe available for inclusion 
inthis application system 1QO8: the Size listed fr the CMR is forthe euret handheld aio: the 
total volume of the system post ation ofthe CMR ASIC tothe single enclosure is estimated 19 
be les han 400 cm” The larger volume enclosure wil be required forthe peootype systems 
‘enable connection using existing component UO ports. For the final product these connections 
tvll be ade via se of cust PCB, 





2) The system should "just work" requiring minimal-to-n training for operation. 


Ar minimal calibration scivity when the hardware is issued to the user, and configuration 
efforts required by logistics persoane previously described, the only eff eequised by the end 
‘sr willbe to power on the unit atthe begining ofthe mission. The estimated traning time for 
‘stem end users is less than ? hours, for stems suppor /lopstis resources I day o less 





3) The system should be prepared to operate in Gi 





limited or GPS-denied environment. 
The proposed systom is designed to function completely in the absence of absolute data 
references, When available, the GPS or Auxiliary absolute data reference wil be uilized but the 
core of the system utlzes the INS, Velocineter, and RF TOA Ranging to maintain accurate 
Postion estimates. See the operational scenarios and the component sections for a fll 
Aesription. 
‘The propose spstem will support four methods for generating a position estimate 
‘© Absolute Positioning —using GPS or aula data: 
‘© Range hase relative positioning va the use ofthe RF TOA ranging capability 
‘© Range fice relative positioning - via us ofthe INS components and 
‘© Manual positioning ~using the map interface et postion Feature, 
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44) The system should operate in open spaces as wells underground or cave-ike settings. 


‘The system has the capability © provide postion estimates wherever / whenever the INS can 
access and utilize Ihe addtional system sensor and networking components, the system) will 
‘operate inthe sae mode whether in open spaces, in buldings in urban train or in underground 
luels of caves. The INS can workin any environment aba stand alone unit and muta the 
required accuracy over a 500 meter range. The CMR TOA Ranging component can maintin 
sccurscy Within the requived SEP for upto a range of 2k oe less, the networking functionality 
provided by the CMR can wrk over muiple hops to provide connectivity for NLOS resources. 
‘The system also supports the use of calieated mups t denote landmarks or navigation stating 
locations tht could be utilize 9 calibrate INS and TOA posion data prior to the user entering 
the ewe. 


5) The system should provide for the fusion of multiple relerences in order to provide location 
information. 


“The proposed system utlizes the data ouput from multiple sensors along with data fasion an 
Kalman filtering algorithms to provide the greatest accuracy and wo create predictive route models 
inaneffor to constantly maintain the position estimate within the required 25 meter SEP. 


(6) Thesystem should provide for auxiliary data sourcesbeacons fr location information, 


‘The system can utlize signals of opportunity to provide absolute data references including Loran, 
Psuedolies, and CMR Radio beacons. The system can aso use the Assisted / Differential GPS 
processes to overcome GPS-Limited acess sceatios. 


17) The system should provide for auxiliary data relays when in an underground or cave like 
setting. 
ach nctwork node canbe use to provide multi-hop links for communication in NLOS situations 
which may he encountered in underground oc eave ike stings. ‘Separate felays units will nt be 
-reguted sce the operational senariosetion for more details. 


8) The system should provide for information security during data transer consistent with the 
[NSA Suite B (hips www.tes.govfvindastrverypio suite bc). 


‘The CMR is designed with an SCA compliant, flexible ueitecture ready for embedment of NSA 
Suite B crypography algontms: ia addition tansmission secunty (TRANSEC) is applied to 
several of the CMR waveform parameters. "The TRANSEC capitis ad in prevenion of 
Stundard network attacks including Worbole, Sybil and ference point compromise. / 
Meacoing. 





The CMR RF ranging/TOA location technology is based on a direct sequence spread speetum 
(DSSS) waveform with embedded TRANSEC. The RF ranging/TOA location technology uses the 
same carer sense multiple aecesscllsion avoidance (CSMA/CA) protcol fr chanel access ak 
tned when commoniatng. The DSSS wavefoum, the lyers of he CSMAVCA protocol und the 
protocol for two-way RF ranging/TOA are aot vulnerable to Wormhole, Sybil or Mesconing 
tacks. The network will nt recognize the spurious packets generated by the Womahole, Sybil or 
Meaconing stacks because they will not have the latest DSSS code provided by TRANSEC. If 
unfiendly forces do determine 4 curent DSSS code from TRANSEC, the network will nat 
recognize the spurious packets generated by these attacks hecause various network tuneouts will 
fcc if proper packet are not received in proper sequence, causing the protocol to conte 
mal network maininanee, communications. or ranging. In addition, because the RF ranging 
provocol employs a Savay handshake mechanism, an enemy would require detaled knowledge of 
the ranging algorithm in ocder to produce a packet that Would ot be sumaiy discarded 


ur approach is to use ITT's SRW-hased DSSS waveform and network forthe ita-clique and 

headguarers “standard military radi” communications as well as for the RF ranging/TOA, 
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inconporating all thee functions into the CMR. Communicstion ofthe cigue member locations 
will have the same resistance to Wormnbole, Sybil or Meaconing attacks as mentioned above for 
RR ranging in adion to information security provided by NSA SuteB algorithm software 


9) ‘The system should acknowledge when i is operating in a degraded information mode, 


The wearable display wit will hive an indication of system mode and sensor satus a postion 
estimate degradation reading (Fgure-of Merit or SEP value) and network status: his iaformation 
Is splaye tothe user on each UI page. Se the user interface page descriptions inthe Functions 
nd Features section fora fll deception ofthis capability. 


10) The system should provide for a limited/test-hased data transfer from tracked/remote nodes. 


“The system will provide the means fr clique members to send and recive pre-caned short text, 
messages and ill provide the ability to ans data files over the CMR a-hoe network See the 
“Text Message Page UI section inthe Functions and Features section fo fll description of this 
capability 


11) The system shall provide for operation of 100m into underground or eavedike environments 
(ase of upto three relays is permissible) 


The adhoc network created by the CMR has a node 19 node range that meets or exceeds the 
requirement for 100 meter acess nto cave ike, subsurface andr unlerground environments, See 
the Functions and Features section fora fll description ofthis capability, See tem 4 above for a 
‘escrito of the INS and RF TOA ranging component curacy and an 


12) Thesystem must provide standard military radio interface (mechanical, letrcal data). 


The CMR will provide Miltary Standard Radio interoperability for reach-back 19 headquarters. 
The system will also provide an external Ethemet port with data outputs formatted. for 
transmission of eligue data visa stand Miltary Reo inferface, iran extemal rao other than 
the CMR will be lized, 


13) IF relays are used as part of the system solution, sd relays should be disposable and 
‘spoofing and tamper resistant. 
Relays will not be eequied by the proposed system due to the range and multi-hop actwork 
communication and RF TOA Ranging accuracy capabilities of the CMR. The spooting and 


Tamper resistance capability are provided by the system zeroize feature and the secuity 
capabilities ofthe system, See ems 7 and 8 above for addtional information, 








4953 — Project Specific Goals 


1) Each unit shall operate for eight (or more) hours upon recharge from a single BASS90 
battery (170 WH capacity). 
used on the power requirement of the components selected for the prototype system the 
estimated power consumption i appeosimatly 158 WH out of the availabe 170 WH, soe the 
lable below forthe worst case stem / component power consumption breakdown 
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‘Table 3 - System Power Budget 



























































Component ‘Consumptian Walls | hour consumption 
per hour value 
Phase 1 Prot 
Georacaion Core Ua 
= INS Sensor Board TW Ww 
= GPS Receiver INS Fision Pe Ww Ww 
processor 
= Velosimeter BW Zw 
= INS/TOA/GPS Fast, TW TW 
Networking, Visualization and 
HMI SBC 
Sabot TSW TW 
THE 3W OW 
Visual Dplay Ua 125 W TOW 
Toa TSW EW 
“Final For Factor 
Core Eactonare ad Vinal Degg T TW Low 








2) Position accuracy in a GPS-denied environment shall be 25m Spherical Error Probability 
(SEP) or etter after eight hours of operation, 


‘The proposed system wil support accurte tricking hy fising the output of complimentary motion 
Seasos Tough use of proven algorithms. The system will uilze off the shelf components 
Including an INS, TOA RF Ranging. Velocimetr. anda sjsem processor to produce position 
‘timate tat overcomes he Limitations ofthe individual sencos 








‘The most eitical capability ofthis system isthe design ofthe fusion algoritm — the ability to fase 
postion information generated by Various position sensors. Our approach for posion fusion 
falled the PosiFusion™ algorithm will model the position information genered by several 
Position sensocs and will pply Kalman filter to integrate the poston information. The system 
ssumes the avait of absolute data atthe beginning of the mission and shal utize this data 
to generate absolute position estimates for each mabile ust / node 


The absolute position information will be extended throughout the aes of operation via 
Aisuibuted protocol refered to as. extended Leapttog Navigation System (oLNS). The process is 
fan exinsion of the Leapiog Navigation System (LNS) processing algorithm tht exploits 
‘mobility 10 improve the accuracy and precision of localization and to reduce the number of 
required anchors. eL.NS does no impose any estritons on node tpology it employs the concept 
ff "Virwal Anchors” where a new set of anchors are selected for each epach defined by’ 
leaping distance or leapfrog period. The anchor selection is based on node role. mobili 
network topology and geometry. eLNS employs "erative wilatraion” where localized nodes act 
45 Visual anchors for un-calized nodes and employs situational awareness information wo aust 
puch size effectively bounding the enor accumulation within the 25 meter SEP hadgst. The 
och size and number are determined based om hur locomotion over 10 Kis liner distance 


LLNS has demonstrated 10m CEP in 15Km navigation; we expect eLNS performance 10 be 
‘marginally Worse tan that demonsuated by LNS due to addtional position or introduced by 
rode moby. The projected accuracy of the system using PosiFusion atl eLNS is 25 meters 
SEP or beter over # Hours anda distance of 10Kin, 
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3) Projected production cost per unit in quantity of 1000 shall be $2k oF less. 


See table | above for estimated cost ofthe Phase 2 prototype spsems and the Final form factor 
product estimates, The productization section ofthis dacument provides a description of bow the 
Target price goa wil be me. 


4) Unit mass shall be Ikg or les, not including battery. 


See table 1 above for estimated cost ofthe Phase 2 prototype spsems and the Final form factor 
product etimtes, The productization section ofthis dacument provides a description of bow the 
Hrget mass goal wil be me. 


5) Volume ofeach unt shal be 400 em? or less. 


‘See tale 1 above for estimated cost ofthe Phase 2 prototype systems and the Final form factor 
product estimates. The prototype systems targeted for delivery at the end af phase 2 will ot meet 
the volume goal due 1 the cutently stallale component configurations. The productization 
section of his document provides a description of how the target volume goal wil be met port 
generation of the peoduction fora factoe 


66) A.minimum of five units are to be produced and delivered in Phase 2. 
Five prototype units willbe produce for testing and evaluation as part the phase 2 deliverables 

49.6 Functions and Features 

“The functions and features included inthe proposed system include: 


49461 User Interface Map Page Features 

















“The wer interface map page wil be the primary interface to provide clique member positions tothe local 
user and includes the fllowing features: 


‘+ 10s digital 200m capability supported by large Zoom In/Out pushbuttons lested atthe top of 


the screen. 


‘+ A.Set Position pushbutton als located atthe top ofthe sree: when enabled his wll update the 
‘ses current position tothe next point selected on the map va the cursor, when the interface 
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buton is enabled, This feature wil be ulized to localize or comect the user positon when m0 
ahsoute data or referential coordinate sytem i avalable to the we. 

‘+ A.system Zeroize/ Kil pushbutton top sight side ofthe seren; this feature provides the usr the 
‘hy to disable the unt when the possiblity of capture ur poston overrun fs imminent, when 
fabled this feature wil ask the user to verify the operation before deleting all coatet in the 
System memory. Post deletion of system memory the system content, maps, position af Woops 
Within the clique will not be available to unintended sysiay users. When tis Feature is ule 
the systems functionality will have 10 be floadedhefoce the hardware will be functional. The 
system also provides for 4 remote zeroize operation that can be performed by other clique 
‘embers whe are onthe network. sce the text messaging page UL 

‘+The map will show 2D view of all clique personnel within 1 x weapon range 

+ Map Scale 

+ Compass Rose 

‘+The local user icon wil yppear asa hue circle with notch viene inthe dreton ofthe user's 
heading 

‘+The friendly personnel icon willbe a small igure with a 3-charscter ID above their icon. 

‘+ Local user cure position data including Latitude, Longitude and Altitude 


“+ Moving map with nor-up and heading-up modes, the moving map capablity canbe enabled or 
‘ised ty selection af the Moving Map checkbox. 


‘+ Selectable Map drop down list box with coatent based available ms frm those loaded in 
the pre-isson configuration data 
‘+ Map and Messaging Tabs o select which page the user wishes to uiize 


‘+ Two icons are present next to the page tabs that provide the user the ability to measure (tape 
‘measure ion) the distance or angle (radar sereen leon) between two points onthe map. 


‘+ System mode status, ed indicates the system i ininiiaiztion mode, gwen indicates the system 
isi user navigation mode 


‘+ System sensor status indicating which sensors are curently being used to generate the position 


1+ Position estimate degradation reading - Figure: Merit or SEP value 
1+ Network Status wih a connected / disconnected vale present 
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49462 User Interface Text Messaging Page Features 
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Figure 28 UITest Messaging Page 














‘The text messaging interface page supports the wansmission or cept of pee-canned messages via UDP 
‘over the airhoe network. ‘The messages can be sent a specific cligue member ar a group of clique 
Pesoanel When messages ate seat tothe local user a message alert notification (vibration of the Wist 
‘row display unit) will be received. When the user hasan opportunity to review the message they will 
sini tothe messaging page of the UT by enabling the “Messaging” tab atte boom ofthe UL The 
following features willbe available on that page 


‘© A.system Zeroize/ Kil pushbutton op sight side ofthe seren; this feature provides the user the 
ability to disable the unt when the possiblity of capture or position overrun is imminent: when 
enabled this feature will ask the user 10 verify the operation before deleting all coatent in the 
sytem memory. Post deletion of system memory the system content, maps, software algorithms 
tnd postion of troops within the clique wil ot be avalable to unintended system users. When 
this eature is ulize the sstem functionality will have to he reloaded Before the hardware cane 
lized in he fed 

‘+A Send To drop down lst box will contain the option to send a message toa given clique 
‘member as specified by their userid orto a subgroup of clique members (Squad 2, Fie Team 3, 
fe.) of tothe entte clique hy selecting the appropriate value 

4+ The Message drop dawn ist box contains a selection of pe-canned messages which are available 
tothe user for sending text messages, the content ofthe dropdown list ean be specified mie 
for each mission based on mission objectives and communications needs; at this poit the 
Following default set of messages will be presenti the drop down list 

All Clear 

Clear 

Coming Down 

Coming tn Left 

Coming tn Rig 

Coming Out 

Coming Up 

rug Out 

Hold 
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© Hold Right 
© Hold Lett 
© Grenade 
© Move 
Next Maa in 


[Next Maa in Right 
Realy 
© System Check 

‘+The Message Send pushbutton will rnsmit the selected message to the specified clique member 
‘or group when enabled. selection wil have tobe made fom each drop down list box before the 
message will e seu as both fields havea NULL value asthe default en 

‘©The Message Log Meld will display is of all messages sent or received along with a designation 
of the sender (ceiver userid, The messages will remain in this Held unl the Clear Log 
Pushbution is enabled. All messages wil be stored in a system log file foe playback after 
‘Completion ofthe mission, including thse cleared from this Hel 

4+ The local user can acknowledge the receipt of the message by enabling the ACK Message 
pushbutton Upon confirmation, an ACK data packet will be transmit 9 message send. 
‘Ths will ensure the sender thal the messige was received and ea. 

‘+The Zeroize Send To pushbutton performs the same futon asthe Zeroize pushbutton fr the 
user(s) selected inthe Send To field. This provides remete user the ability to disable the system 
remotely for those resoures unable wo perform this isk themselves. When enabled tis feature 
tll ask the user to verfy the operon before deleting the content fron the remote system 
Note: A future eahancemeat could include the integration ofthe LifeShirt Physiological Monitor 
to display retpote user data to suppon the decison making process prior to implementation ofthe 
Zevoie feature. See section 35 fora description ofthe Lifes funcowaliy 

‘+ Map and Messaging Tabs o select which page he user wishes to utilize 

‘+ System mode status, od indicates the system is in iiiization mode, gree indicates the system 
is in user navigation mode 

‘+ System sensor statu indicating which sensors are curently being used to generate the position 

‘+ Position estimate degradation reading -Figutcof-Merit or SEP value 


1+ Network Status wih a connected / disconnected vale preset 


© Next Man in Left 








4963 External Features 
‘The fllowing consrols and connections willbe present onthe exterior ofthe system module: 
‘© On/0M Switeh — for operation ofthe system, the system shouldbe svitched on atthe start ofthe 
Inlssin 8 hour period to ensure the BA-5500 batter life not exceed 
‘© Antenna/Cable Connector ~ this connection allows the user to mount the antenna dicey onto 
the unit orf the unit iso be used ina standalone mode / configuration to connect an ante via 
‘able othe unit fr remote antenna positioning. 
+ Power Cable Connector this connector wil be used to attach the power cot fom the BA-S59% 
hutiery 10 the module. The BA-5590 wil he tized to power the NAVGSPDE system module, 
the CME (Phase 2 peotetype oaly) and the wrist wor display unit 


4+ Ethernet Port Conneetor ~ this port willbe utilized only when an external military radio is 
‘competed tothe system mle, 
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‘© Visual Display Cable Conneetor~ this is fra quick disconnect locking cable that ataces the 
Visual display nit to te system madule. The connector ean be rewired modified 1 meet the 
needs ofan interface unit selected, 

‘+ Manual Kill Switch ~ this provide @ mechanical means for the local wer to perform the system 
zeroize process. The switch willbe covered to prevent unintended use and should only be sed as 
4 means of lst esr to disable the syste 


49.7 Production Form Factor 





‘Figure 29 - System Fial Foem Factor Concept 


“The proiotype systems tat will he produced for the Phase 2 effort wil include 3 componens: the core 
system procesor and sensor components in a single enclosure; the CMR radio; andthe system display 
‘component. This configuration shouldbe adequate 1 allo the necessary Feld esting without burdeing 
the dismounted soldiers with too much mass oe volume. 


“The phase 2 prototype design isnot whats intended fo the final form factor or production model. The 
CCM ratio is curetly in the process of undergoing 4 migration from the current WRST platform t 
Inclusion ofall system capabilites into an ASIC. The ASIC is targeted for production in 1QUS and the cost 
target is $500 USD. The ASIC design will allow MDS to complete the construction of production units 
that are hased on a single enclosure withthe exception ofthe display component which willbe citer 
‘wrist worn ar headsup display module. At that point the system final form factor canbe realized and all 
SWAP requirements specified in the BAA can be met, See figure above forthe proposed final form factor 
for this sytem. 


MDS will work with other component vendors to acguite and. populate a custom system boat 
onfigurution which can reduce the overall system module volume to provide an interconnection fo all 
component electronic components / sub-boards. Redaction in overall size will be accomplished by 
ambining the poster management and signal processing components ofthe various off he shelf Patel 
Circuit Boands (PCBs) onto single backplane Which wil also provide the necessary interconnection 
between PCBs, a memory management module and estenl interface connectors. 





“The module enclosure willbe eoastucted out oF molded heat, moisture and shock resistant composie 
stetial wit an estimated cont ofS 
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4.10. Modes of operation 
“There ane 3 basic modes of operation including the calibration, configuration and navigation modes. 


410.1 Calibration Mode 
“This mode will be used at the point in tne the system is asigned toa given user. The wer will e asked to 
poston the system on their LBV/LCE haress when inthe Fighting Lead/Light eontguation worn tems 
Pls the assault pack. The unit will need to be lcd and fixed in single postion pir to the caibation 
Stiviy. The user under dtetion bythe logistics support resources) wil aibrate te sea 
‘© User step length. GPS acces willbe required and the use wil have to walk between two known 
pons while being wacked by GPS. ‘The system il automatically update the local sytem 19 
lize the ellecel data to provides more accurate sep length model forthe specific usr. 
[Note:The Velocineter sensor component of the system will also be utilized to overcome the 
limitations ofthe INS step model by providing an alternative datasource for distance waveled snd 
to augment the INS outpat This calibration is just meant to ensure the ouput of the INS i 2k 
accurate a posible. 
‘© Azimuth (Dead Reckoning) or alignment of the sensor 1 the users spine relative othe location 
‘of the unit on the users body. This calibration is used to determine the oft between the 
‘reetion a persons fang and the dgetio the INS ts punting 
‘Note: ‘These calirtions are oaly performed when the hardware is inital issued to a specific resource or 
‘when the postion ofthe system is changed onthe navigating personnel 


4102 Configuration Mode 
‘Tuls mode is tized by the logistics suppon persona 1 downloud content specific toa given mission 
“The logistics user will collect the maps tobe use fora given missioa, the list of mission personnel and 
support esoues, any pe-canned txt messages that are specific to a given mission type, an will us this 
‘att to populate cach system node prior to personnel deployment. This data willbe uilized to provide a 
lst of maps tha are acessible to the system user. the Ist of pre-canned text message for fast mesa 

Sscndeceive and to configure the netvork by identification of resouees tht will beloag toa given clique 
Tn the future we will ad the capabilites fr this data tobe downloaded fom C2 or base Iocations wo the 
ses in out to or within the ae of operation, 


410.3 Navigation Mode 
“This she primary mode of operation forthe system wsers, Post cliration and configurston, the system 
user wil fly need to turn the system oo and conduct their nonmal actives while the system inializes. 
During the sem intalization phase al sjstem componcas wil be sted, the ad-hoc netwock wil he 
‘reaed and loc coordinite spent wil be established. During this opersion a red stats indicator will 
be displayed othe user. When the satus indicator changes from reo geen the systema will be ready t 
senerite poston data und communicate this data to ther members of the eique/ C2 


4.11. User classes and other involved personnel 


‘There will bea single user class supported by the proposed system: however, based on logic and ation 
these wil be a distnetion between User types. ‘These user types include the Admin, Team Lead, and 
Soldier users 


4111 Organizational Structure 

“The hase structure of the ONR project clique organization matches that of the USMC Rifle oF Revon 

Platooa as shown below. The platoon willbe the primary set of users or sytem nodes tht are supported 

by the updated pplication. The tual cigue numelsize of 50 users willbe mad up of relays, beacons nd 
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or dsmounted solders assimilated from other cliques. Assimilation of external clique members will hive 
‘future sytem enhancement post completion of functional prototype. ‘The Admin user else wil be 
Fesources that are assigned to logistic / echnical support of the platoon the sane typeof resources that 
‘currendy support the deployment and maintenance activities for current eleconicdevies uized by the 
usMe. 
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Figure 30 - UID Clique Hierarchy Diagram 
4112 Profiles of User Types 


A) Team Lead ~ this user willbe the la resource associated with the yaious USMC unit levels. Fre 
‘Team Lead ~ Fie Team Level. Squad Leader, Platoon Leader, et. These users wil be responsible for 
configuration / deployment of fixed position beacons / data relays, coonnaton of clique communications. 
‘usinilation of new clique members and communication with the command center oe next higher level 
team leader. 


1B) Soldier - this use will be the asic system user, they will be able to View systems data and send / 
receive text messages. They will aso have acess to The map user options for panning, measuring distance, 











Note: These user soles ar also associated with security levels that define what setions each user type ean 
perform onthe system “The security stings wil be associated with a user's system Vesus an individual 
et, therefoe anyone who has contol of given sytem node will have the penmissions signed to 





4.11.3 Interactions among User Types 
“The dismounted soldiers can interact via the use of the text messaging feature withthe ability to send 
‘canned or typed text messages to the ent group or fo a gen individual All system uses will hive 
‘cco o a reme zroize feature that can sale another elique temberssysem over the data network 
Tink. This imecaction will allow a system node to be disabled to prevent usistended use by untindl 
forces; the feature i an tempt at keeping clique member postion data secure and 10 prevent reverse 
‘engineering ofthe produto trpering. 








4114 Other involved personnel 


Admin user this user willbe a logistics technical resource similar othe eadio oe computer techisian 
‘sho wil fe responsible for establishing clique node identification, ranging parr tables, communications 
cchantls/ partes fr text messaging, selecting and calibration of mission maps fr the eique, setup for 
‘each system to he deployed with the dismounted resources. Pe-configurtion snd setup fr the location 
beacons data relays, this resource will have to be a pat ofthe unit and will ned to have acces all 
issn parameters plans in oder to acurately setup the system prior otatn deployment 
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4.12 Support environment 

‘The amin user will need to hive access to all nodes for eaibstion support as well as pre-mission 
‘configuration. This access can he made on 3 ane by one ass of dats can be dowloaded 19 all clique 
odes that wil be utilized for given mission. ‘To dovnload dats to all nodes simultaneously the atin 
use wil have to have physical acess wo the individual noes to power them on, and will egule access 
the system wizeless LAN to enable connection to all mision nodes hs willbe accomplished va use ofthe 
A sundard radio node unit The configuration fie willbe populted and uploaded from app or deskop 
PC. Text editing software willbe required to populate the configuration fe 


5. Operational Scenarios 


‘The following operational scenarios depict how the propose system will support operations in real word 
scenafioe. The information provided is based on a review of cutent operational fates ax desrited in 
USMC field manuals. Every attempt has heen made to ensure the system can meet the operational 
requirements, generate and commusicsle accurate position dats, while utlizing curent operations 
Techniques to suppor the system capablites. ‘There should be o impact oa eusent USMC operations or 
‘action impose by this system, 


“The proposed system wil support four methods for generating a position estimate: 


‘© Absolute Postoning —using GPS ar auxiliary data: 
‘© Range fee selaive positioning - via use ofthe INS components 
‘+ Range based relative positioning ~via the use of the RF TOA ranging capability: and 
‘+ Manual positioning —using the map interface set position feature. 


“The Geo-oction core navigation sytem will be supported by Fixed (ak, least mobile) reference points, 
ular absolute poston references, and mobile nodes. The fixed or least mobile system nodes are those 
Where the operator has periods of tine without movement, such as Security 7 suppor squads, Ove-Walch, 
Forward observers, or saiper teams. Auxiliary absolute postion data references include all mission support 
‘hile that are outited withthe auxiliary equipment previously described. ‘The mabe nods willbe the 
saul foce team operators who will have the highest mobility satus daring the mission execution, 


Figure 31- Siem Componcas 
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51 Calibration 


AAs previously discussed, each system node that is wor by a dismounted soldier will requice calibration at 
the time the hardware is issued tothe soldier. The sole wil need to evaluate where they can place the 
union ther Body in oder to ensure it doesnot inhibit freedom of movement or interfere with access tothe 
rest of the gear on their LBVILCE harness. The sytem bardwvare should be mouate to the harness inthe 
Fighting load / light configuration, which includes the worn tems plus an assault pack. 





“The optimal unit plcetvet is on the back ator ner the bas ofthe spine: however the unit wll operate and 
provide accurate results when placed onthe fromt, side or back ofthe user, The ony requirement tht the 
Ut be worn onthe lower poruon ofthe user's trso; abe the waist and below the chest 


(Once the user has denied the optimal placement ofthe unit on their hamess they will need to calibeate 
the unit to peesonlize the step length model and to provide the proper azimuth seting (Hime 
CCaibeation. "The calibration will only be requited at the inl issue and when the user changes the 
placement of system hardware an thei hames. 


5.2. Pre-Mission Configuration 
Prior to each system deployment, specific mission data will need ta be dowa-loadd tothe units by the 
‘Min logistics suppor resources. Specific data that wll need to be captured from the mission planing 
session include! 

‘© Maps specifi to the mission area of operations ~ these maps wil be pat ofthe configuration 
File that wile loaded in 10 the ode memary to provide 4 common reference and set of map 
Ineefaes forthe system users. Miltary grade maps available from any sources) can be utilized 
hy ths sjstem as long as they are compatible With RBCURBSA, Falean View and FECB2 
application formats (NIMA, VPF, CADRG. and DTED). The maps can he annotated wih any 
Suppoming mission information such as landmarks, waypoints, ingress /epses routes and other 
‘att that wll support the mission sttonal awarenes forthe dismted sors, 

‘+ List of team / clique members who will be participating in the mission ~ this dat willbe 
utilized to configure the network Conuicstions tales which specify the team tembers in the 
Field that make wpa given clique or networking island. This information i used Yo ease ll 
clique members can send or fective daa and text messages from 10 the other cligue members ad 
to provide a level of security / authentication fr cigue members and their data. This information 
will lo be uilized to dettmine ira new member within range ofthe network island should be 
‘ssinated into the clique. 

‘© Structure ofthe Clique — this data i requited so the wserids ean be associated with the clique 
hierarchy / structure Logic will be embedded in the system sofware which supports the 
localization of referential coordinates and sharing ofthat database on clique stucture. The logic 
‘enables the sjstem 1 inialize as quickly as possible in an organized mannet. This information 
ako aids in ensuring the appropriate recipient is addressed When data or ext messages are 
transfered within the elie, 

‘+ Text Messaging pre-canned content this dats will he uized by the txt messaging feature 
enabling the users to select a short canned message from a dcop dovin list box. Hrnecessary this 
‘ata can be modified to mist the needs ofthe urrent mission, 

‘Assisted GIS (A-GPS) data ~ this data is wiized to orient the GPS receiver wo the local region 
hy providing satelite venttion information that can reduce the Time to Fist Fx (TUFF) and 
‘enable the system wo iniialize rapidly in instances whete GPS is accesible or Limited 

‘The pre-misson configustion data / files will be loaded into a specific locaton within each node's 
remy. At system start-up /iitaliation the mobile node wil check the memory location and use the 
data present to load the State Vector Table, provide the use access 19. maps and populate the drop down List 
‘boron the text messaging page 
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5.3. Deployment 

is asumed that ahsolue reference data wil be available atthe mission point of departure (base of 
‘persons or frward operating positon), The cliguc members will be tanspete to the aca of operation 
{A0) by land, ar orsea. "The vehicles used 1 wanspor the users will not be ulized within the mision AO 
‘but can be utilized to provide ast mobile o¢ fixed reference points for use inthe missin, ‘The tanspot 
‘hicles will be utilized provided they have the appropiate hardware requied o generate auxiliary dt in 
uppor ofthe system operation 





S31 System Initialization 


When the mobile nodes are stated the network will be created 
sutomatically ave onthe data loaded in the neighbor tale portion of 
the pre-misson coafiguaton file. This data wil easue tht oer 
‘ligde resources which are in ange ofthe newly formed network ill 
ot automatically be incorporated ino the network island, 


1 parallel with the networking, effort each node's geolocation 
processor will also begin searching for accesso absolute data via GPS 
‘Or aula datasource: if no absolute datasources are available the Figure 32 Mission Brieing 
‘sem wll rete its ow local referential coordinate system, 





SAM. Network Initialization 


‘The CMR provides a wansparen, sel orgaizing network that hierarchically organizes imo two levels aot 
Including the private IP network) as show in Figure 33. Each level is compose of tiers. Tier 1a islands are 
‘composed of tndviddal nodes, One memer ofthe tet Ia islind i seletted to be the Island Heal (1H) 
‘Mlmiastratoe. The TH contosislind formation andi the primary gateway 10 ir 1b. Tier Ibi compose 
‘of sty 1a island heads. The ter Th island also as an TH. Ter 1b islands have members that are 
stays othe private IP network. The network required to support 50 clique members will generally be 
‘contained within a single tier 1a isind. An TH will be selected 10 be the primary gateway back to 
headquarters though any relays that are available, when acede; the CMR can also act as the Miiwy 
Radi inertace 


Prioe io mission stat when the clue members power up thir CMRs, neighbors are discovered using 
Packet Radio Organization Packets (PROPS). PROPS are transparent to tbe user and ae seat pesiodically 
Mls inital power up. The nctwork wil be formed and reformed asa result of the information resulting 
from the petodic PROP Once the network is formed, Link Sate Adverisements (LSAs) pesiodically 
send routing information to the network nodes. 








eae MRE apne 
"Figure 33- CMR Network Suacture 
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5.34.2 Referential Coordinate System Initialization 


“The geolocation processor system logic atempts to inalize to WGS-8¢ (GPS or absolute) coordinates. IF 
hsolite postion is unavailable the system establishes local coordinate system. ‘The lol node position 
‘alue forall eigue member nodes intalizes 10 (0.0, 0}, the local coordina systems uses the UTM 
(Easing, Northing, Aude) grid. The CMR RF TOA ranging capability is used to compute ranges 
hetween neighboring personel, once range data is available ftom a minimum of 3 neighboring nodes 
trungulaon is then implemented to establish cferenial coordinate system for each fie teas. The 
‘output fom the ameter componcat ofthe INS wil he utlized to provide the altitude value 


“The highest nked personnel among ranging partners (assumed tobe ane hop ning partners) on the Bre 
teatn shall be considered the origin of the lol coordinate system and relative postions of eter personnel 
shall be computed via Self Positioning Algor When higher ranked personnel are within RF range, 
the local coordinate system of lower ranked personnel must align to the higherranked personnel's 
‘oonlinats to provide aconution fal node fo al fire team members, Once the coordinate tuctre of 
the fire team as een established, the proces Wil continue with he fe team leader aligning the fie teams 
coonlinates wit the squad leader, his process repeats itself until ll fice teams and squads ae aligned with 
the platoon leader's coordinates, ‘This referent or networked coordinate system wil then be mniined 
throughout the duration of the operation. This ett process takes approximately 30 to 60 seconds 


1 curing the couse ofthe operation absolute data values become preseat the networked coordinate system 
willbe re-established on the absolute dataset. When present, ths daa can reduce the arpount of time 
‘quired to nile tough the wilization of A-GPS. 


any node) within the eligue have acess to absolute data fom GPS or an auxiliary data source, then the 
‘overall initiation process duration can be reduced 1 less than 30 seconds (wih A-GPS). The nodes 
‘wth ces othe absolute reference will already have «positon value and thee position estimate will not 
have tobe calculated. In this case one ofthe nodes with the absolute daa value would act asthe cocedinate 
system focal node 1 provide an absolute coordinate system, 


All clique members have the option to manually override the proces by enabling the "set position” push 
futon Tossed a the top ofthe UT Map Page and identifying thes location by pointing wo slack or 
thei postion oa the calibrated (CADRG) map. If the user has a reliale and ecurate position based on 
‘map coordinates this will enable the use f absolute dst based on the calibrated map metadata values, 





5.3.2 Auxiliary Data Sources 


‘One ofthe sbysute datasources / functions listed below can be used to support operations when support 
‘eile wid the appropriate hardware ate within ange of Uh area of operations: 


Assisted GPS; 
Disfezetial GPS 

LORAN/LORADD, Psuedolites / APRS; and 
EMR Beacons 


‘These sources would be considered signals of opportunity and would be used to support the position 
cestmes gencrate by the INS and sytem sensors software. 
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54 MOUT- Block / Building Clearing Operations 





Figure M - MOUT Cancep f Operations 


eo ini VE MET i pn it i 
the fllowing manner. 






“The clique members will be transported to the area of 
operations (AO) by helicopter or ground tansportation 
Sch as 4 HMMWY (Humvee), Styke, or other wheeled 
While, ‘The tam may’ alo travel othe AO om foot the 
large objective is within close proximity of the Base of 
‘operations and there is adequate security / over-Watch Figure SS="Transpertton and Over sel 
ipporavalabe ‘Support 


Navirton na GPS-Denie irre Cano f Opritions Page 
nlite Uncasod 


“7 
ONR MERCURY 





(Once inthe AO the soldiers will dismount and based on mission parameters will move to lcatons as 
specified inthe mission it to perform their assigned tasks. ‘The sccuity teams will moe into positions 
thi provide the eds of fire 

necessity to provide protection 

for the assult team. The 

Support forces wil take up 

thelr positions, forward 

serves, snipers and over 

wath cams wil gain acess 19 

{postion thst provides 

‘equate vision for ‘mission 

‘bervation In the majority of| 

turban environments these 

Positions wil he in the upper 

Foor oon the roots / tps of 

hulldings 10 enable the 

section of fre suppor and to 

censure the assault team 

‘objective canbe viewed 

adequately. Otber inset fre 

Support teams” will setup Figure 36~ Building Clearing w/ Assault, Security and Support Teams 
Postlons within or car the 

[AO: these include mortar ams within close peoximlty and ater in locations within weapons range. All 
‘ismounted resources within the AO will have a system node mounted on ter bd to provide text ata 
‘communication, postion information distribution and display unit to provide a vial representation of 
the locstion ofeach team metiber positioned on a map ofthe AO, "When the dismounted resources move 
‘hei navigation paths will be wacked by the INS. 





‘Tue INS will be used for shot range navigation: when the INS exceeds its position accuracy teshold the 
RE-TOA ranging capability ofthe spstent willbe ulized along with other system sensor data orealelate 
the user's posion and to recalibrate the INS. This poston reset function wil automatically occur 36 2 
result ofthe PosFusion processing and sensor feehack loop. 





“The nodes of tose resources tt ae least mobile (security, suppor, forward observer, saipers over-wateh 
tc.) willbe more suble and will maatain accurate position data with fewer updates required than the 
Tobie wsers Therefore the last mobile node positon daa Will be used to provide the data for aeration 
‘ofthe mobile wser’s postion. The NAVGPSDE sytem wil identify the least mobile users a the aging 
partners or reference nodes forthe mobile users, The PosFusion process will wiize the postion data 
Scquied fom RF TOA ranging to perform wilateration operations and generate a postion estimate. Ak 
previously desribed, this data wil be utilized in conjunction withthe INS poston estimates to provide the 
host acura and sustainable position estimate for ll mobile resources, 


When the assault team performs building clearing activites the system will, 
‘operate inthe normal aoe with the INS providing the primary navigation 
tucking data the users within RF range outside ofthe fact will continue 10 
support ie RE'TOA ranging capability forthe soldier inside the sre vis 
use of the CMR The CMR is capable of removing multi-path signals 
noemaly produced inside of sructires via use of the QMER canging 
‘waveform, 





1 addition, the assault tam members will perform assault, security and 

support oles within the building structure. While the external security team 

ppovides three-dimensional (3D) coverage wo ensue all danger aeas ame Figure - Building 

covered, The assault am members will provide the same 3D coverage for Clearing Fothold 

‘other members within the stack for those danger areas within the stature thatthe extemal security tam 
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‘cangot cover. The assault team will enter the building In stack formation. The supporting resources will 
perform structure breaching activities and will ol of to the hack of the stack, The team will move fom 
foothold w fothold though the structure establishing aly poins. Assaul team members Will pel of of 
the sack to clear individual rooms and will ret fo the back of the stick once the rooms hay been 
Hleured. When moving between loos security resoures wil be stationed at tly points foothauls i 
ensure the structure egees ute does not become compromised. ‘The resources thal remain atthe secured 
footholds will provide suppon for eLNS RF TOA Ranging functionality by providing the last mobile 
reference nodes within the suctre 





“The assult eam, the security tam and the support teams should move in hetween buildings ia a tight 
lucie stack to avoul exposure to posible enemy fe from the steet. The syste will suppor these 
‘maneuvers with the INS sill providing the primary navigation tacking component the RF TOA ranging 
capability will bound the INS eror accunlation hy altemating Which nodes ae uilzed to provide the 
least mobile ranging partner reference pois 


Any available absolute data will be utilized w overcome the imitations of bath the INS and RE TOA. 
Tanging system capahltes, The vehicles used for transport to the AO will be lized to provide abvolute 
tata references as previosly described and canbe ulized a stutionary ranging partner nodes to support 
the RF TOA ranging capability ofthe system. 


‘The estimated accuracy provided by the INS is 25 meters, over a distance traveled of $00 meters. To 
tvercome this limitation the INS will he eealvated every 50 meters by the combined output of the 
GGPS/INS preprocessor and the GPSMINS/TOA processor hardware / PosiFusion software ss previously 
described in he capabilities section, 


AC any pot in time daring the mission operation the sytem wearer will have the abit 10 update thelr 
locaton manually by marking their cutent position on the AO mp display unit. This fate willbe most 
useful to the least mobile users to comect their positin accuracy to provide beter data which provides 
‘more arcuate value othe mobile use position estimate wlteration processes 


55. Underground / Cave Operations 





Figure 38 - Cave /Uadergsound Concept of Opetations 
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“The transportation process and utilization of support vehicles willbe similar to that described for the 
MOUT scenario. The basic operation fr use of leat mobile anchors or reference datapoints wil also he 
‘sein the Undergzound / Cave scenario with the exception of 
the flloving. The resources entering the cave will need 10 
ensure the acuracy of their postion atthe mouth ofthe cave 
‘They can manually update their position based on any 
landmarks that canbe located on the map ator near the eave, 
if the entrance to the cave can be lected on the map twill 
provide the best landmsk The munval positon update 
Figure40-AO Transportation pestion is aot required as long as the teum member” 
Psion estimate aceurey is 15 meter SEP or les. One 
resource will nosd to provide security af the mouth of the cave; this resource will also. provide 
omauniations reach back to the rest of the elgue forthe mobile users Wh enter the eave. The assault 
team or mobile clique menibers within te cave will ullize the entry pont security evource and the 
fstimated poston of other team member, 
within the Eave to provide RF-TOA Ranging 
references / pers. 





“The INS component can provide the required 
accuracy up 19 500 mets iat the soucture 
without recalibration if the stating poston 
accuracy bas been reset; furee the INS 3s 
Capable’ of mainaising the 25 meter SEP 
indefinitely as long as RF TOA range data can Figure 39- Navigation, Target Objective Mentification 
be sequired from ofher team members. The 

system will support poston data corumuniation hack tothe cigue network by muli-hop slays from 
‘embers inside the structure though the cave entrance secuiy resource. Each system node onthe mobile 


kes ean at asa relay to provide muli-hop network connections and w ensure postion data of ll clique 
‘embers citer inside the cave or utsde of te structure ate visible tothe ent cigue and C2 via te 


niltary rao interface. 
In this scenario the clique members will enable the NAVGPSDE system using the external power on 
sith: the system will inialzeflealize as previously described. The tan wil he uansparted tothe AO 
ia elicoptror ground anspor 








‘The team will then proceed to the objective by foot using standard land navigation techniques. The 
<ismounted resources wil move in staggered tactical columa(s} ever vasious types of tein 10 complete 
the mission, 
(Once they reach the target area they will establish 
ptmeter security via deployment of over- wate ean, 
Snipers, mortar suppor. et. "The suppor tam will 
Take up their positions and the assault eam wil begin 
the operation by clearing the mouth of the cave 10 
‘ensure no explosive devices have been hidden Io protect 
the cave enttance. Sccurity resources will cover the 
mouth of the eave fo prevent unfriendly forces from 
entering behind the assault team who ie clearing the 





Figure 41 ~ Security, Support, Mortar and Qver- Prior to entering the cave the assault team will check: 
‘saich eas thei position estimate accuracy and mark / update dhsir 
positon manually if) excess positon ctor are 
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ispayed. One or more security resources wil be posted tthe mouth of he cave to provide an RF ranging 
reference poat and provide an RF LOS conduit for communications links between system users inside the 
‘ave and suppor resources outside the eave 


‘The assault cam will navigate thoughout tbe eave complex 
lating each space while moving in a serpentine or diamond 
formation Each team metiher will have an ates. of 
responsibility to provide caverage of danger atea within the 
sea() to ensue the team is protected ead eesouee wil be 
‘covered by flanking and ear security resource, ‘The ankers 
wll support the lead main va use of probes and grappling 
Tooks i lear de reas of any tp tines or explosive devices 


‘and to enable the team to find Figure 48 Cave Entry / Position Fx 
lterste cave “ently / exit 
= pins, 











‘The team will normally clear the major segments of the eave Ineate any 
‘uinitions and/or combuans, neutralize and remove the combstants and 
then prepare the facity/ munitions for detonation. The team may seal the 
‘main entrance and employ th use of smoke a tear gas 10 fish out hidden 
fersonte orto locate alteate cave entrncesexts‘The external secuiy 
fonces wll ensure thal cave inhabitants who attempt Yo escape fon 
lense routs are secured. 





Figure 42- Cave Navigation 


“The system will support the motile users within the eave by uscking their navigation path via use ofthe 
INS component. "The system provider a means to generate local coordinate system for unmapped 
‘environments and provide fefefenial positon data for these environs. The team members within the 
Sucture ean localize their postions manually and the system will maintain the local coordinate system 
While they navigate though the structure. The system will utlize the mobile nodes within the eave 19 
provide support for RF'TOA Ranging operations when reuird to calibrate 

the INS components throughout the mission duration, Once the users have 
‘lee the structure and exit the enclosure their postion information will 
reclovalize wo use the same coordinate system as thse clique members who 
remained ouside ofthe stuctre 


‘The cnt cligue will then complete the remainder of their mission and 
return to the point of embarkation using the predetermined egress rates. 
‘heck points and rally points. The system wil continue to tack all eligue 
‘members throughout te reminder ofthe ission as previously described. 


Figure A= Cave Clearing 


546 Field Operations in Forest / Open Terrain 


‘The system wil support operations in open or forested terrain using the same operational procedures as 
previously deseribed fr navigation to the target objective. The dismounted tam Wil be tanspoted tothe 
{AO by aioe ground transportation, ence they begin their mission citer eecoanaissance or combat pt 
they will move throughout the AO on foot. Whether the ean utlizes single or double tactical column 
formition the lea, flank and rearguard sepments ofthe clique will move ina condinated fasion. They 
will move ffom checkpoint to checkpoint over the couse of the pal. Mission rally points will be 
determined over the course ofthe patrol and willbe communicated wo altar meraber. 
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Figure 45 — Payols in Varied Terai 


“The system users’ will power on thee systems as described in the other scenarios poe Standard Operating 
Procedure (SOP) and the system will automatically iaialze al system components and establish the local 
1 aolute coordinate system The peimary navigation wacking device supporting this Scenario isthe sysetn 
INS component. The coonlinsted movement of the team and separation between team memes will allow 
the system to identity and utilize mobile system uses for RF TOA ranging partners / references when 
tnlatration operations are requited to calibrate the INS component. When the team reaches the mission 
‘checkpoints they will communicate to C2 t provide mission stats. At he checkpoints or aly points the 
‘ligue members an verily their position accuracy and upate manually if required, 


In these scenarios the area covered by the eligue may be greater than the other scenarios and the train 
may also have increased vegetation / foliage coverage. The increase in rea and vegetation wil require 
‘ditional transmission power to ensure communications and RE TOA ranging data can be trnsmaited 
between clique members. The CMR has an itera mechanism to support variable power output to ensure 
‘ontmubicaions and ranging Tunetonaliy in these environments. The system accuracy over the increased 
ange will remain the same 


6. Summary of Impacts 


“This section describes the operational impacts ofthe proposed system on the users, the developer, and the 
support and maintenance ceganizstions. Ke also describes the temporary impacts on users, buyer, 
‘developers andthe suppor and maintenance erganizations during the period of time when the new system 
Isteing developed, installed rained on, 

‘Tis informaton is provide inorder to allow all affected organizations to prepare for the changes that will 
‘he fraught about by the new system and to allow foe planning of the impact on the buyer agency o¢ 
‘agencies, usergroups, and the support mnlenanceoxpanizations during the development of and transition 
tothe new system, 


6.1 Operational Impacts 
‘The nly operational impact required fr use ofthe proposed system isin the ealirstion and configuration 
stvitis. This impact should he minimal ss mission planing efforts are already candaced by the USMC 
Recon and Rifle squad 

“The additional tsks required fo calibration will only be required atthe point the system i issued to & 
soldier and when the soldier changes positon of the unit on their LBVAL.CE hamess (azimuth only). The 
‘alation proces is called Helatert Calibration and inchudes: 

‘© INS Step Length model update scale futor adjustment; and 
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‘© Sensor Misalignment (Azimut) ajustment 
[eis ested thatthe cliation procedure will uke no longer than 1 minutes after end use resources 
‘ue tsined onthe proper procedures 
“The adiional tasks that wil be required for configuration te: 

‘© Acquisiion of electronic copies ofthe mission maps 

‘© Calitation ofthe maps i ot already configured for use by existing systems (RBCI, Falcon View 

or FBCB2), 

‘© Creation fist of mission personne and their respective ID, assigned system node: 

‘Generation of pre-canned messages, only i changes are requited from the default ist 

4+ Acquistion of A-GPS isotopic muael data for he AO repion to reduce the sytem TTFF; and 

{© Downloading this information nto the appropiate locaton on all ligue merber nodes 





[tis estimated that his process should take no more than 30 mites once the logistics resources are tuned 


fon the proper procedures 
‘The logsties resources can extrct ll logged data from the clique member nodes post mission completion. 
“The mission related data canbe uilized in dere activites by providing a means to review the movements 
‘of mision personnel and any text communications between clique members. This dita playback wal be 
‘sulin denifcation opportunities for inprovemenis or lessons leaned. 


62 Organizational impacts 
‘The system will equi the existing logistics resources 19 taken the responsibility for configuration and 
Imaitcnance ofthe system nodes prior to mission deployment. Training forthe logs resources and the 
system users will also be required. Ite expected that the taining lime for logistics resources will be no 
‘ore tha ¥ day. and less tha 2 hours fr system ses 


6.3 Impacts during development 
During the phase 2 development efforts MDS will require the suppoet and feedback from the end user 
‘community to ensure the sysem design meets the desied Human Factors Engineering (HEE) / usability 
Stundasds, The end users should be the resources who specify what type of visuil display device is 
Prefered the best Tocatin for placemcat of that device ad the type and location of the interface contol 
‘Access tis community for prototype evaluation wil also be of benefit ia componeat of the dete 
‘sign forthe systems inal form factor 


7. Analysis of the proposed system 
“This section provides an analysis ofthe benefit, Kinitaions, advantages, disadvantages, and sternaives 
and wae-ofs considered forthe proposed sym. 


7.1 Summary of improvements 
“This sub clause provides «summary f the benefits to he provided by the propsed system, 


71.1 New Capabilities / Features 


Ad-hoc self fering self baling network: 
Functional RFTOA Ranging w/ QMER: 

Addition of Velocimeter to verify / compliment INS acceleromster data: 

‘System 2eruze function 1 prevent tampering: 

‘Secure transmission and intrusion prevention waveforms encryption capabilities 
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‘Fusion of moll sensor dats o provide accurate position estimates; 

‘Principle Component Analysis, Kalman Filtering and predictive modeling t© improve position 

4+ Ierface via Military Rao for C2 reach back: 

‘Visual Display contrast adjustable for viewing indnect sunlight and compatible with NVG for wse 
at night 

‘Assisted GPS & Differential GPS suppor to seduce TTFF and enable absolute data acess in GPS 
Limited environments; and 

‘Suppor for Ausliary position datasources 





71.2 Enhanced Capabilities / Features 
Automation ofthe calibration / system ntalizaton processes 

Set position feature simplified 

User interface simplified: and 

‘System aceuacy overtime and distance wavled. 


71.3 Deleted Capabilities / Features 
HTTP Service/Carmmunicaion Layer 
User Logi: 
Manual Network Configuration; 
Manual INS Configuration 
“Manual GPS Configuration: and 
‘User Input Options 
‘Go to a userentered Iacation onthe map 
Get info om a selected urrfasset ison 
‘Custom textmessages at untime 
AILATNS menu items 
‘Clear Toggle Map Layers 
[Add em (Waypoints, Asses) 
‘GoTo Location onthe map 


bebdded 


7.14 Improved Capabilities / Features 
‘Systm accuracy improvements based on adtion of system sensors and fasion algorithms: 

‘Single enclosure targeted for prot inal form actoe to reduce syst volume an mass 

Extension of the network conunication rage: 

Ability to suppor al types of human mobility (runing, crawling joging. ete...) 

User contols UT options capable of operation bya gloved ser; 

Power comumpton equrenens of he yen OnE appt aperiononea 8 ar 

peti 

Lite io no wer interaction rouired for system opersion: 

Ait to accurately tack system users overlong distances (10K or more), 

‘Netwock: data communications range in LOS (2km) and NLOS scenarios; 

‘Network improvement based on QMER ability to overcome multipath issues: and 

More bust and mobile yppvoach incding the use of peer to peer networking for position data 

and text communications, 
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7.2 Disadvantages and Limitations 

“The following st of limitations are inherent within the proposed system, an attempt has been mae to 
dress each of these imitations in the integration of system components andlor logic as previously 
escrbe: 

‘© AILRE system components are limited to LOS connectivity. The network system utilizes multi 
op connections ta overcome thi limitation and the RF TOA Ranging utilzes QMER to 
fvercome the LOS and multipath issues encountered inside of structure o caves 

‘© Maximum aumber of network nodes tat canbe handled with a given clique or network stand is 
5 the network can support up o 2500 total users SO cliques, 

‘© Accuracy of TOA ranging values decreases over distance between nodes 





7.3. Alternatives and Trade-offs Considered 


“This section describes the systems hardware component, processing algorithms and logic considered for 
inclusion in the high level system design. A bret description ofthe element reviewed and the reason(s) 
why it was ot selected for se inthe sytem is provide. 





73.1 Hardware Components 


‘The flowing hardware components Were reviewed for posible use in ths system bu were not chose for 
incision ss component of the proposed sytem a previously descihed, 


7344 INSAMU 
1) Veetronis Core Navigation Module (CNM) 


{A beta CNM demonstrator unit has been acquired from Vectronix and has been partially integrate ant 
tested by Mercury system engineers. The CNM can be consideted somewhat ofan expansion on the DRC 
system concep, a it extends the DRC's capabilites by providing 3-D navigation data The CNM consists 
(of a u-axis acelerometer. a axis magnetometer, a horizontal axis gyroscope 4 Baroteter and 4 micro- 
‘controller capable of providing fused poston estimates in NMEA-O143 ‘compatible and propricary 
‘Veetonix sentence formats. The acelerometer and magnetometer sensors ae of lower grade than thse 
ullzed in the DRC in ander 19 redace system cost, however, reduced system perfamace and tacking 
sccuracy may result from such a configuration, Curenly the most sigificanlitation isin regard to the 
(CNM gyro and compas sensor integration, ax Vecttonix engineers hae been unable ta accurately fuse the 
data from each. This is causing delay in futher product releases as well ap futher evaluation and 
implementation of the CNM by Mereuy engineers. The tep-model i also a imitation of the CNM, ait is 
surenly a static model that averages the scp length of the navigating personnel and is projected 
Preduce resus similar wo the DRC-only during forward walking motions. Significant advantages ofthe 
(CNM solution are slave to its ability tobe mounted practically anywhere on user's el rts are 2s 
‘well ar the fac tht ii conmpletly self-contained INS system ina stall package that already acts the 
SWAP requirements of the ONR project. As wel, Mercury has already developed most ofthe interface 
software need for CNM operation, 


‘This unit wil be considered as an alternate INS component it snot curently considered a component of 
the proposed system based on an known target date for componcat availability. At this pint We are 
‘certs hat the CNM wil not be ready for use i canstuetion ofthe Phase 2 prototype systems 


43) Techno Sciences TRX 


“The TRY system has been partially demonstrated to Mercury personnel; however unidentified problems 
cencounefed during the demonstration have obscured an accurate evaluation ofthe product's performance 
‘apahiites, Review of «public domain white paper documenting the TRX design has presented Mercury 
‘ogincers with sufficient data to understand the basic epettion ofthe system, specifically inthe area of 
hovel signal processing techniques that detect and respond 1 a dynamic step mee via the implementation 
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(of a user-defined step bray. In the face of challenges to a partnership opporunity berween Techao- 
Sciences and Mercury. effrs to continue researching the prospect of integrating the TRX system have 
‘vost entirely ceased. This is nota complete loss as several of the most intresting aspects of the TRX 
tystem should he reproducible to a certain depree by Mercury and the other selected INS. Partner 
‘evelopment teams defined herein 

4) Intersense NavShive 


“The NavShoe is another INS solution whose performance capabilities mostly exist 0a paper A partner 
evelopment opportunity has been diseussed With the company. and preliminary agreement has been 
‘established that suggests significant suppont may be avalable for futher development of the NavShoe 
Stem On paper, the NavShoe spstea: gute possibly exhibits the most promising metrics alg the lines 
‘of satisfying the © position accuracy (approximately 15-26 SEP over distance taveled) and SWAP 
Fesuirements for the ONR program. The NavShoe hardware incorporates MEMS sensoes that ae to be 
‘tached to the use’s shoe and a witeless lnk tha teams sensor data fom the shoe sensor 4 receiver 
Taodule that canbe embedded inthe vieinity ofthe core navigation processor. In comparison tothe other 
INS options. the NavShoe development team seems to have the greatest grasp on solving the various sensor 
integration problems that willbe encountered during the ONR project development ~ namely the difficult 
sy! and. compass integration challenge, GPS. transfer alignment (utlizatio of GPS. positions 10 
‘Compensate the wyro bas ecor. and decentralized filter algorithms that may he necessary to resalve 
Postion estimate errs that may ase via the combination of RF range measurements and INS 
Measurements amongst cigue members. However, concern definitely exit in regard to the ability ofthe 
NNavShoe tam to beable to develop and deliver «reliable ow-poper solution in the Hineframe available. 
Also, no processor requirements have been defiacd to support the sense fusion algorithms that would he 
neceasr Tor the NavShoe system 


'5) University of Michigan Personal Dead Reckoning (PDR) System 


[Along withthe DRC, the PDR system isthe only other INS system that has been successfully demonstrated 
before Mercury personel. The curent system is Very similar to the NavShoe design as its also mounted 
am the foo ofthe navigating personnel ar exibis excellent tracking performance (approximately 1-2 
SEP over disance taveled) over a variety of lesged motion (walking. running, climbing. et.) in all 
‘nections. The limitations ofthe cureat system can be atwbuted to a bulky’ frm factor andthe lack of 
‘magnetic compassgyro integration to resolve azimuth estore experienced during navigation timeframes in 
tscess of 20 minutes. The curent PDR inplementation also sequies atleast 133 MHr Pentiun-class 
Process and. Linux OS loded with eal-ime extension suppodt 


“Mercury has engaged ina development effort with University of Michigan to reduce the PDR SWAP while 
‘tempting 19 maintain the performance achieved by the larger system implementation The performance of 
the miniaturized system, as well as its ability 10 withstand harsh environments, sill ced tbe proven 
before the device will he considered us a visble component in the system. 

6) MicroStrain 3DM.GX1 Inertial Measurement Unit (MU) 

“Mercury tas scquited and analyzed the functionality of the MicroStain 3DM-GX1 Atiude Heading snd 
Reference Sysiem (AHRS). The 3DM-GXI module combiaes thice angular cate gyros with thee 
trhogonal DC accelerometers, tice orthogonal magnetometers, mulipeser, 16 bit A/D coayertr, and 
embedded microcontroller, to output is orientation in dynamic and static environments 

Operating over the fll 360 degrees of angular motion onal nee axes, 3DM-GXI® provides oveataton 
ln matrix, qustemion and Euler formats. ‘The digital serial output can also provide temperature 
compensated calibrated data fom all nia orthogonal Seasrs at update rates of 350 Hz 

Networks of 3DM-GX1@ nodes can be deployed by using the builtin RS-85 network protocol 
Embedded microcontollers relieve the host system from the burdea of orientation calculations, lowing 
Aeployment of dozens of 3DM-GX1@ nodes with no significa decrease in system toughput 
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Output modes and software filer parameters ate user programmable, Programmed parameters and 
‘alvaton data ae stored in nonvolatile memory. 


SDM-GX1O utilizes the wail gyms to tack dynamic orientation and the wiaxal DC accelerometers 
log withthe uiskal magnetometers to tack static orientation. The embedded microprocessor contains 3 
Uunigue programmable iter algorithm, which blends these static and dynamic esponses ia realtime 


“This provides a fast response in the fce of vibration and guick movements, while eliminating dif, The 
stublzed mupat is provided in an easy 10 use digi format Analog op voltages proportional t the 
Euler angles canbe dered as an option. 


Full temperature compensation is provided for all nine onhogonal sensors to insure performance over & 
wide operating temperature range. The rice pe unit at volumes of 1ON0 pices was approximately $90] 
USD. Even though this prduct will provide the adequate support forthe INS processes and its size meets 
the volume needs ofthe BAA. the unit cst i excessive and Will nt allow the system to meet the pelee 
omaponent of the SWAP requirements 


73,12 Single Board Computer (SBC) 
1) Balloon Board - Open Source Development Project 


Balloon is an Open hardware development boar intended for use asa computing module in embedded 
devices, development projects oF educational stings. Balloon means you can conceatate oa the custom 
‘development part and adit ca to the base Balloon. Balloon has the CPU, RAM, NOR and NAND Flash, 
Serial USB clienvhosOTG. 1, Compact Fash, 10 header. batered expansion bus. simple S-it bus, std 
ACPLD or FPGA. Tes smal (1151 x Som) ighteight (<30), and operates on low-power (<1W). 


“The board is designed so that unncedd pars can be left off and things sill work, 0 keep costs and power 
<cnsumpuion doen Small Buches of toards (30 or more) en be bul to agen spec. Though an atscive 
‘tin, FPGA development forthe Balloon board will ost likely take longer than phase It wll perm 
hence, dhe device will nthe considered forthe ONR solution. Coste also unknown fortis devie which 
further discourages is use inthe near future. Further information is avalable at following websites — 
ip Mlloosboard org and psu mlpeng eam. ae uk 


2) Infland Electronics — Finger Tip 


[At the size f a creditcard, the new Fingers is based on Intel's PXA270 processor and delivers over 
SOME of processing power while consuming less than 0 W of power. Fingertip iacorpats the latest 
Pevipherls, including Compact Fash, SDIO, USB host, muliple serial ports, and connects to a wide 
Nasety of LCD displays. However. « daughter card interface is necessary to acces several ofthese and 
‘other necessary peripherals, such asthe Ethernet interace, Fingetpt's power interfaces include support 
for on-board Li-fon battery charging and capacity management. with addtional suppoe for eter bateick 
aa separate power inputs fr backup batteries and line voltage 





‘The PXA270 processor does not provide hardware support for floating point arithmetic which ix a 
significant downfall due to the postion fusion (PosiFusion™ algorithm's requizement to perform accurate 
Poston estimations in near ealime. The device does, however, provide sftWaze emulation fo Hating 
Pot instructions which may make the bourd feasible for implementation as an alternative ithe software 
FPU can he proven 19 meet the pesformance requirements. Cost forthe Finger isin the neighborhood 
‘of $300-S400. Further information avaiable a ~btp/ishand conyingerip arp. 


3) Compulah —SBCX270 PC/IO4+ 


“The SBC-X270 isa standart PC/1O4+ compliant, single board computer that cost around $100-5200. is 

implemented by CMX270 module providing most of the functions, including un integrated wireless LAN 

(WF) interface. The SB-X270 Cartier oud provides connectors for four (4) serial interfaces 

(RS232/RSISSIRSA227TTL contiguable). dual 100 Mbps Ethernet ports, bos / slave USB pots, and 

‘vera adiional functions The festue set ofthe SBC-X270 is customizable acconing t the price / 
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performance targets of the uses aplication. The mechanical design of the SBC-X270 allows selecting 
Between two popular form factors: eter standard PC/IO4+ wits headers or extended PC/IOS with font 
panel connectors. 


“The SBC-X270 contains PC/IO4+ expansion connectors which open it to the wide range of standard 
peripheral cards. Furthermore, the SBC-X270 contains an electrical interface and slots for PCMCIA. 
‘CardBus and MMICISDIO extension cards, which may be inserted and secured i the slot with no aditional 
‘mechanical means extending the system with capabilites such as lager solid state disk, GPS oc GSM 
modem. 


‘The device is small (O6mm x 91m without font papel, 1mm x 91mm with frat panel connect) 
Height anges from 10mm to 22mm (includes the CMEX270 module), depending on the connectors 
assembled. Power consumption is 2-5W in fll activity, below SOmW in sleep mode. Sila 10 the 
Fagertips, the SBC-X270 is based on Itl's XScale PNA270 an lacks hardware Noaing point arthmetic 
support bu provides sofware FPU emulation. ‘This means the performance ofthe device Would also have 
to Be proven before being included in the ONR phase II system. Further information aviable at ~ 
Hap compulsh co UT? Tesb-datasect bm 


4) Kontron - EBS 


“The EBIOS SHC is bult around the 266Mtz AMCC 40SEP 2-it PowerPC reduced instruction st 
computer (RISC). ‘The device provides onboan! Dual Fast Ethemet interfaces, four (4 sevial interfaces, 
TEC as well as several other features. The boat is smal (115mm x 7Smum) and can operate within a ange 
ff 40 degrees Celsius to 485 degiees Celsius (extended range version. Weight of the unit i 47 grams 
ower consumption is 4W. Peripheral connectors will slightly increase SWAP. but this Board is 
considerable altemative because it features an on-chip leaing poit uni (FPU) and can support VxWorks 
and Linux realtime operatiag sjstems (RTOS's). Further information is availble at — 
Hips kostron co dow nog JataseeVeb405 pf, 


7313 RFTOA Ranging /Networking 
1) Michigan Techaieal University (MTU) Wireless Local Positioning System (WLPS) 


“The WLPS was originally the targeted component that would provide the system withthe data networking 
and RF-TOA Ranging capability. The WLPS system is stil underdevelopment at MTU as pat ofan on 
sing graduate student project. When this progam produces a prototype system capable of supporting our 
‘pplication system MDS wil review and test i's suitability as an alemaive tothe ITT CMR, 


‘The WLPS consists of (1) a base sation in each monitoring mobile, which serves as 4 now-static or 
dynamic base station (DBS) and (2) a wansponder (TR) in target mobiles, which acts aban active target 
Unique identification (ID) codes are asigne to each argetA DBS uansmits an ID request (DRY signal t 
all rges located in is vicinity. and targets respond to ha signal by wansmiting thei ID codes hack tothe 
DBS, A DBS recognizes cach target bys ID ene, and then positions tracks and motors thos targets In 
WLPS, each mobile may be equipped with DBS, TRX, or both. Fo this efor, WLPS trnseeivers will 
‘cnsist ofboth DBS and TRX components, 


1m general, the quility of a positioning system is characterize by to important mewics: one is the 
pobublty-of detection (POD, pa) that represents the ality to detec all tages, and the ater is the 
Jobublity-of false alarm (pf) tht indicates the probability of falsely eating noise as the desired target 
{both vison and radar postioing [1] sysiems, the target is a pasive target, which incurs expeasive 
gna processing. In additon, detecting a passive target always requires uadeoff between pd and pt asthe 
former increases, he later increases 2s well resulng ia alow overall performance. Because targets inthe 
WLPS system are active and contribute tothe process of identification by specific ID codes, the achieved 
POD is high while the probabiity-of false ala is almost 210 


‘The program objective is to develop 4 positioning system suitable for military applications capable of 

functoning in GPS DeniedResticted environments, under any weather conditions, wit high pd sol low 
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pf. Hence the system should: (a) aot be limited to a state hase sation: (b) have flexble coverage area: (6) 
entity and discriminate mobiles: and, (d) need limited power. Various wireless communications 
technologies will be exploited to establish a paradigm of contiguous. accurate and mobility-aware 
Positioning with non line-of-sight (NLOS) coverage. 


“This option was not included as part ofthe proposed system due to several Factors including prototype cost 
and availabilty within he necessary timeframes required by this project. 


2) Motorola Mesh Enabled Architecture (MEA) w/ QDMA, 


IMDS utilized the Mojorola MEA gear to suppor he networking requirements of the ATNS peojct. The 
handware provided exception RF penetration of varius RF uninendly environments and_provided 
‘communication range of up 10 200 eters with single network node. 


Mowrol's Mesh Enabled Architecture (MEA) technology leverages patented and proven routing 
techniques originally developed for huefield communications. Motorola's Mult Hopping technology 
tums every client device into 4 rowerrepeater. As uses join the network they improve network coverage 
a ineease network throughput. The MEA network suppoetssinultancous operation of infastuctre sl 
Slient meshing while it aso allows elems to move seamlessly berseeninfastucure-hased and cliet- 
bused poer-t-peer networks, 


‘The architccture isa sel-forming, self-healing outing sytem which disuibues cleats between Accesk 
Points. MEA technology aso imgoves network robustnes, a liens can hop to allemate Access Polat if 
thei current Acces Points congese ar ful, 


As pat of Motorola's exclusive license tothe IFT/DARPA mobile a hoe networking Intellectual Property 
fn pent portfolio, Modocla recived the rights to the Quadrature Division Multiple Access (QDMA™) 
Inobile radio platform The QDMA radio is designed and optimized for mobile ai! boc Broadband 
networking s multi-channel MAC and Phy are optimized to meet the scalability and reisbility required in 
tnssion eical mesh networks. RF challeges encountered in wide area mobile networks suchas Doppler 
‘shifting, rapid Raleigh fading snd Mulipath are handled eficienly bythe QDMA radio. QDMA solutions 
have Deen succesfully deployed in Public Safty. wansportion and Homeland Security mobile data 
networks. 





Although this product was successful in supposing the ATNS system it does not provide the RF TOA. 
ranging feature present inthe ITT CMR and it the network components were not designed for & mobile 
‘ashore system, Further the product designlost would not allo the system to meet is SWAP goals in 
‘Weight, volume or price 


TA1A GPS 
1) UBlox GPS Receiver 

‘The LEA-IH modale combines high sensitivity (down 10 -1SRiBm), low power consumption (105mWH) 
nd USB and serial port suppor in a smal (1mm x 22mm) package. ‘The device aso provides A-GPS, 
[DGPS and full SBAS (WAS, EGNOS) support. The device can operse within a rage of 40 deprees 
Celsius to +85 degrees Celsius. "These specifications ae similar to the TraxO3 GPS receiver: boweve. the 
LEAH docs not provide the builtin INS pre-processing and Kalman Filer library suppor tht the 
‘Max0 module provides. As a resll, the LEA-SH will be an alternative module Tor the GPS receiver 
component, Further information savailable a p/w -blox convoroductlea ham 





TRUS Voor Interface 
1) Talla-Tech RPDAST 


“This is w rugged PDA, curently used asthe Pocketsized Forward Entry Device (PFED) by USMC. It 

Includes an Intel $20 Nthz PKA-270 process, 400 Mhz processor bus, 128M RAM, 64 Mb ROM, with 

UUSB bos and extemal battery adapter. Touch sensitive wansflecuve TFT LCD display 320X240 (QVGA) 

‘Tals units aleady in use by several USMC infantry units but it prohibitive for use inthis system due tn 

Navirton na GPS-Denie Environment Cano Options Pages 
alienated 


“7 
ONR MERCURY 





SWAP requirements, size, weight and price we al outside ofthe ONR. project parameters. Cost at volume 
‘0 1000-1300 unis is $2,594 each 


2) Zypad WL1000 


“This unit is 4 wrist wom PC, AUIIOD processor @ 490 Ha, GIM nonvolatile flash, 64 Mb RAM. 
320X240 (QVGA), with touch seeen, automatic contast adjust via ambien ight sensor. A ruggedied 
raltary version is avaiable. At 2500 each forthe on-ruggeized base model this component will nat 
eet the SWAP targets forthe ONR project 


3) MicroOptial SV-6 


[A Monocular Heads Up display unit for VGA, SVGA, XVGA computer displays. Tis nit is similar in 
‘design 10 the military version abo peeduced by MicroOptical HMV-MI. The HMV-MI ssstems are 
tread in use by the military in conjunction withthe Thennal Weapon Sites (TWS) systems availble fom 
Raytheon. The display comes wih a DB-15 pin VGA connector standan, 640X380, 60 Hz refesh ate, 
leflornght ee configurable with? 15 fet adjustable focus, se the pee sheet for fll echnical deals 
(Cost forthe SV-46 PC L095 ea Cost reductions available on oder quatics 2 ~ 49 (25%), 50 99 (30%), 
100 (40%). IFMMDS becomes an OEM resele then an adiional 30% of etl price it avilable. This 
fysem i sill outside ofthe coxt point forthe emite system and will aot be uid for the system 
Profotype or final form factor. Ifa Beads up dgply units prefered by the user community sytem will 
he developed using the Kopin component described below. 

4) HP IPAQ Pocket PC hx2000 series 

Handheld PC w/ Intel PKA27O processor at S20Mz, 320240 (QVGA) Translective TET 61K color 
‘Setcen, Mb RAM. and 192 Mb ROMA lower cos aiternative forthe PDA / Hand Held user interface. — 
Cost approximately $400.00 cach; cos ean he dasialyceduced if purchased in quate. This unit 
‘ould be utilized o replace the SBC and visualization components ofthe proposed system but would tke 
way from the single housing approach specified inthe projet requirments 


5) 0Q0 Model ot 


Handheld PC, 49° x34 x 019", ounces, 1 GHz Transmeta Crusoe processor, 512 Mb RAM 800180 
\W-VGA color wanstective display for daytime /nightume use. This unt wil allow us to verify operation 
with fll functional miniature PC estimated cost pee unit $1699, addtional savings canbe acquired W! 
Volume purchase. Cost. volume and Weight issues are Keeping this unit from being a component of the 
proposed system, 


(6) Modular PC Rugged Handheld Compater -MCC DO212 


With rugged housing this unit provides another option 1o test the system wit a ull functional miniature 
ruggedized po, the system specifics are 650 nt XGA daylight readable scree, Transits Crusoe TMSHO0) 
a0 1 Ghz, 20 30 Gi hard drive and 512 Mb RAM. — Estimated cost is $3569 per unit Cost isthe 
Primary issue Keeping this uit rom being 3 component of the propose system 


7) Neat M920.CF 


‘The MO20 is one ofthe smallest and lightest head-woen displays in the world, at only 35 02 izing a 
new high bightness no-icker display, the MO20 is easly readable in either daylight or darkness. The 
‘splay coancts dell to any Compact Fash Type toe PCMCIA slot on PocketPC based PDAS. Our 
Safiware drivers foe Pockot PCs, allo for full VGA screen information (0 x 480 pixels) to he displayed 
‘on the hands fre M920 display. The MO20-VIDEO medel connects to Vstualy any Video soaree, Aptos, 
Potable media players, video capable cellphones, test and measurement equipment and video camer 
Dame afew. Is industry leading low power electronics drive the display for upto 4 hours on a pair of AA 
batteries, This i another option fr ads up display — costs S79 per unit, with discounts available for 
‘volume purchases. The same company proces a miltarzed version called TACEYE curently inure by 
the military. Cost isthe primary issue keping this unit from being a component of the proposed system, 
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£8) Kopin ~ Cyber VF 230K 


“This digial electronic viewfinder (EVE), incorporates all the EVF components an OEM requites: fll 
color CyherDispay 230K LV, ultrathin backlight, optics, and housing with an easy-to-use Tocusing 
tnechanism. The CyberEVE 230K in size ~17 mum x 25.5 mim x 25 mm, two-thirds te depth and est 
than half the volute of the competing EVF movules, With 15x image mapnifistion and 22-Segree fed of 
iw, the viewfinder generates large, vivid eolor images with visually disoron or eal aberons, 
this unit i the primary component forall ofthe HUD units listed above, ata cost of $125 per uni with 
‘volume diseauats, this camponent wll allow MDS 1 attempt to provide & UT solution that ean be placed in 
‘arous locations ofthe user's existing equipment o enable the Best ft HFE/ Usability solution. This unit 
Will be considered an altemative for the interface cuendy selected forthe proposed system, If user 
Feedhack indicates the wrist worn ssstem is too cumbersome andor a headsup display is prefeed this 
‘mponent will be llized to provide the user interface for SA visualization, ‘Trade-ofs clade adit 
‘design effort to develop an enclosure and mounting solution and acelimation of users to small display that 
‘covers their vision, 


73.2 Referential Coordinate System Initialization and Position Maintenance 
Algorithms 

Please see the ONR final techscal report fora full deseripton of analysis of the system referential 

‘cootiaate system iatlzation processes and position muintenance / dats fusion algeihins hat will be 

included inthe system. The technical rept also provides a listing of the existing industry seience on these 

topics and the materials reviewed to provide the logic hat will be niplemented. 


Navirton na GPS-Denie irre Cano Options Page 67 
alienated 


“7 
ONR MERCURY 


8. Appendices 


“This section contains addtional information that will sd undertanding ofthe ConOps document, 


81 Glossary 
‘The glossary includes defiaitons of tems, acronyms and abbreviations used inthe Contps document. 1 
will be maintained nd updated dunag the processes of concept and analysis and development of the 
‘ConOps document.” ‘To avoid wanccesary Work dve 10 misiterpreations, all definitions have been 
reviewed and agreed upan by all projet resources. 

‘© ALGPS - Assisted Global Positioning System. Service that provides aiding infomation like 
fphemers, almanac, rough last positon and time and satelite staus and an optional time 
‘juchronization signal wo reduce time to fst fix (TTF) significant. 

4+ Anchor ~thefxedor least mobile node(s used asthe primary st of ranging partners fr ll other 
odes ia the clique 

© AQ Area of Operation 

© AOA Angle of Acival 

‘© ABIRS ~ Awinde Heading and Reference System 


‘© APRS — Automatic Position Reporting System 


‘© ASE Additional Secondary Factor 








‘© ATNS Accurate Technical Navigation System 

+ BAA road Agency Announcement 

‘© Beacon ~ 4 stationary CMR/bode that is use to matk a spect reference, waypolat oe lndmatk 
‘The Beacon provides consanstatic postion data When queried by other nodes. Itean also act 38 
ely. 


© €2- Command and Contat 





© C3-Command, Consol and Communications 

© CADRG ~ Conpressed ARC Digitized Raster Graphics map format 

© CERDEC - Communication-Elecronics Research Development and Engineering Center 

© CALCD —Chotesteric Liquid Crystal Display 

{© Gique —a group of dismounted soldiers who operate together on given mission in the sume area 
‘af operation, all gue members are within « Tkm radius ofthe clique and will ever an area of 
10K within an ¥ hour period. ‘There are up 1 50 soldics/nades in eique basicaly platoon 
F404 USMIC infantry With up to 10 additonal nodesmembers. 

“+ Cluster Leader — the focal node oF Island Head smiistrtor fr the communications network, 
ihis faction used to contol the network island formation and is the Primary Gateway between 
Island networks / eligues. ‘The specifi node that provides this function can be specified in 
network setup or wll auloratcally be determined when the network is established 

‘+ EMR - Clique Member Ratio / node, provides TOA Ranging dat and network communication 
‘apabiest all eigde members 


© CNM Core Navigation Modle 
‘+ COASTS — Coalition Operating Arca Surveillance and Targeting Systems 
+ CONOP Concept of Operations Document 


+ COP Common Openstion Picure 
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‘© CRADA ~ Cooperative Research and Developmeat 
‘© DGPS —Ditieemtil Global Positioning System 


‘© Design Entity — An clemeat (component ofa design thai strcturally and functionally distinct 
fiom other elements and thats separately named and referenced 


4+ Design View -A subset of design entity atbute information that is specially sited tothe 
reds of a software project activity 


‘© DOP — Dilution of Precision. DOP is an indication of the effect of satelite geometry on the 
accuacy ofthe. 


© DR- Dead Reckoning 
{© DED Digiua Tern Elevation Data map format 

+ DRA Defense Theat Reduction Agency 

‘+ EGNOS — European Geostationary Navigation Overlay Service 
‘+ ELAAS —Eurfix Lacal Area Augmentation System 

‘© LNS—Euended Leapirog Navigation System 


‘+ Entty Attribute - A named charictristic or propery ofa design entity. proves a statement 
‘of fact about te entity 


© BOC — Peng Sute Electr Opsical Center 
‘© ERAS Eumfix Regional Ares Augmentation System, 
4+ EBCB2— Force Batle Command Brigade and Below 

‘© FOB Forward Operating Base Camp 


© BOM — Figure of Mert used to provide a reference to the accuracy of the postion data fom 


© EPU Floating Point Unit 
‘© GPS Global Positioning System 
‘© GESDNM - GPS Denied Navigation and for Facility Map Building and Matching 
~ Graphical User Interface 
‘© HDOP — Horizon Ditton of Precision; DOP san indication ofthe effet of satellite geomewry 
i he accuracy of the fi, 
© HME Human Machine Inersce 
+ HMMWV — High Mobily Mutipurpose Whesled Vehicle aka. Humvee) 
© HUD —Heads Up Display 
© DE Integrated Development Envionnent 
4+ INS Inenial Navigation System 
‘© ISOC Joint Special Operations Command 
© EYRS Join Tactical Radio Speciation 
‘© IVMF- Joint Variable Message Format 
+ ENS Leaping Navigation System 
+ LOS Line of Sight 
4+ LSAs-Link Ste Advertisements 
4+ MANET — Mobile Ad-hoe Network 
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‘© Meaconing ~ A system of receiving radio beacon signals and rebvoudcasting them on the same 
Frequcncy 1 confuse navigation. The meaconing stations ease inaccurate hearings to he obtained 
by aieraft r ground stations. 


4+ MEM —-Mobite Comparer Module 
‘© MDS~ Mercury Data Systems 

‘+ MIPS Milion instructions Per Second 

© MMU Memory Management Unit 

© MIU Michigan Techical Universiy 

‘+ NAVGPSDE - Navigation ina GPS Denied Environment 

4¢ NCLETTC - National Cmections and Law Enforcement Technical Tining Center 

‘© NIMA National Imagery and Mapping Agency map format 

+ NMEA.OIK3 — National Marine Electonics Association O83 Interface Stndasd. Defines 


‘levical signal requirement, data ansmission protocol and time, and specific seatence formats 
fora 4800-baad serial data bus 





‘+ Node ~ synonymous with Clique Member Radio, the basic communication and RF eanging 
Hardare component cartiod by each dismounted soldier in the clique 


4+ NPS —Naval Post-Graduate School 





© OCC Ovcasionally Connected Computing environment 
+ ONR- Oifice of Naval Research 
Printed Ctcit Boas 
© pd Probabiliy-of Detection 
‘+ POP Poston Dilution of Pevision 
‘© pla Probabiliy-of Fase Alams 
‘© PNM Personal Navigation Module 
+ PNT Positioning, Navigation and Timing 
+ POD —Protsbiliy-of Detection 


4 PosiFusion ™ — the functin/algorithm within the sysem processor that calculates the nade 
jostion data that wil be shared withthe oer clique members, 


1+ BPP Point1o-Point Prowcol 
Precise Positioning Service 

‘+ PROPS Packet Radio Organization Packets 

© QDMA ~ Quadature Division Muli Access 

‘© QMFR— Quadrature Muli Frequency Ranging 


“+ Relay ode that relays or wansmits data hetyeen communications network nodes, primarily for 
ike in tunnels or eave-ike environments, upto 3 may be used as past of the system solution for 
tracking resources in caves, Every CMR will perform this function at needed for network 
communications where more than single hop i required to share dat between clique members, 


© RE-Rutio Frequency 
+ REBR Ratio Frequency Beacon Receiver 
4 RERM - Radio Frequency Ranging Module 
4+ RISC — Reduced Instruction Set Computer 
‘+ REC Real Time Clock 
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— Real Time Operating System 
Selective Availabilty Ami-Spooting Module 
4+ SBAS™ Salle Based Augenaton Sytem 
~ Single Board Computer 
SDD ~ Sohware Design Document 
SDK ~ Software Development Kit 
‘© SEB spherical Ezor Probability 
‘+ SINCGARS - Single Channe! Ground and Airborne Radio System 
1+ SMS~ Shoat Message Service 
‘+ SPL-Scril Peripheral Interface 
‘© SOCOM Special Operations Command 


‘Software Design Document — A representation of a software system created 1 iia analysis, 
Planing. implementation, and decision making. A blueprint oe model ofthe software system. The 
SDD is weed us the primary medium for commnicting sftvare design information, 


+ SOW-sttement of Work 


‘+ Spoofing ~ is situation in which one person or program succeysflly masquerade as anther by 
falsifying data and thereby gain an legitimate advantage 


‘+ SSA Simational Spatial Awareness 
‘+ STID- SOF Tuctcal Information Display 

© TDS TOA-tused Data Screening 

4+ TOA-Tim-of Anival Radio Frequency Ranging 
© TDOA—Time Ditference-f-Arival 

© FOC Tactical Operations Center 


‘+ Triangulation — the process of finding comedinates and distance to a point by calculating the 
iengih of oe side of «tangle, given measurements of angles and sides of the tangle formed by 
that point and two eter known reference points, using the law of sites. 








‘+ Teilateration is « method of determining the telaive positions of objects using the geomeuy of 
imiangles im similar fashion as angulation. Unlike wiangulation. which uses angle 
measurements (ogetber with at least one known distance) to calculate the subject’ locaton, 
tiatertion ures the known Icitions of two or more reference points and the measured distance 
tween the subject and each reference point To accurately and uniquely detemie the relative 
locaton of a point on 8 2B plane using wilateation alone, generally a leat 3 reference pots are 
needed Tiateration should not be confused with mullsteration or hyperbolic postoning, wich 
uses measurements of time diference of arrival (TDOA), eather than time of arrival, o estimate 
locaton using the intersection of hyperboloids. Tristeration isthe muhematical basis Behind the 
Global Positioning System (GPS) and similar systems 

4+ TRPS — TOA based Ranging Parmer Selection 

+ TIER Time to Fine Fix 

+ THL-Tineotive 

© UDP User Datagram Protocol 

USB Univeral Serial Bus 

4+ UTC Universal Time Coordinated 

‘© UWE -Ulua Wide Band radio wanseciver. ka, RF Ranging Module (RFRM), pat ofthe ATNS 
rojec systers components, 
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+ YDOP- Vercal Ditution of Presison 


‘© VGA — Video Graphics Array. A standard foe graphics displays, implying resolution of 6408480 
ek, defined by IBM 


4+ YPE — Vector Product Format map format 
‘+ WAAS- Wide Area Augmentation System 

‘© WLRS —Warless Location Positioning Systm 
(© WNM- Wireless Network: Moule 
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